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CYTOLOGICAL PROOF OF THE OCCURRENCE OF XXY FEMALES 


The breeding work presented in the last two sections has furnished 
data which show that the cause of secondary non-disjunction cannot be 
a gene carried by the X chromosome, while the same data are consistent 
with the assumption that a female which produces secondary exceptions 
does so because of the presence of an extra Y chromosome. Likewise 
the data from the tests of the constitution of the regular daughters, the 
regular sons, the exceptional daughters, and the exceptional sons, all 
lead to this same conclusion. 

Accordingly, the prediction was made that cytological examination of 
the daughters of an exceptional female would demonstrate the presence 
of an extra chromosome in half of the daughters while the other half 
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would show only normal figures. This prediction has been completely 
verified 

The ovaries at the mid-pupal stage of development offer the best 
material for examination. Nearly a hundred pairs of ovaries were 
dissected from pupae of cultures the mother of which was an exceptional 
female. Eighteen of these gave odgonial metaphases which were clear 
enough to give a reliable count of the chromosomes. 

Nine of the females showed figures like those published by Miss 
STEVENS (1908a) in which the X chromosomes are a pair of straight 
rods. .(See plate 1, figures 1-3, as well as the generalized group in figure 
1, p. 3 of the first instalment). 

The other nine females showed these two X chromosomes and in ad- 
dition a chromosome which differed from both the X’s in that it had 
the shape of a V with one arm shorter than the other. This chromosome 
was identified as the Y from the following considerations. 

No figures which showed this extra chromosome were found by Merz 
(1914) when he examined the chromosomes of several wild stocks of 
Drosophila ampelophila. From the work of STEVENS (1908a), MEtTz 
(1914) and myself (plate 1, figs. 1-3) there can be no doubt that the 
normal condition of the female is that shown in figure 1 (p. 3, first 
instalment.) The new type of figure which I found differs from the 
normal only by the addition of this chromosome. FT ortunately, there are 
several good figures in each of four or five of the NXY females, and all 
the figures in any one female show the same condition 

The figures given by STEVENS, Merz, and myself, show that homol- 
ogous chromosomes usually lie together as actual pairs. In the figures 
showing the extra chromosome, this chromosome is usually found in 
company with the two straight chromosomes so that it behaves as a 
homologue to them. 

Very recently I have found several excellent. spermatogonial figures 
in the testes of larval males; these show beyond question that the identi- 
fication of the Y has been correct, for the Y has in these males the same 
characteristics as the supernumerary chromosome of the XXY females. 

Breeding tests with sex-linked characters have shown that half the 
regular daughters produce exceptions to the inheritance of sex and sex- 
linked characters; parallel with this is the fact that half of the regular 
daughters possess this extra Y chromosome. Normal females do not 
possess this chromosome and do not produce exceptions, so that the ex- 
ceptions must be produced by the daughters with the extra chromosome. 

Recently over forty freshly hatched females which were first classi- 
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fied as exceptions were dissected and a cytological examination made 
of their chromosomes. In over a dozen of these individuals sufficiently 
clear figures were found to be sure of the number and character\ of the 
chromosomes. In every case the exceptional female was found to be 
XXY. This direct examination of the exceptions gives entirely con- 
clusive proof that the cause of the production of secondary exceptions is 
the presence of the Y. 

Miss STEVENS’s (1908 a) work upon the male showed a pair of unequal 
chromosomes in place of the pair of equal straight rods of the female 
The longer of these two chromosomes seems to have the shape of a J in 
some of STEVENS’s figures. The perpetuation of this longer chromosome 
in the male line can only be explained if these chromosomes have a causal 
connection with the differentiation of sex. 


Of special interest is the condition shown in figures 20 to 24 (plate 1) 


which are from a single female with two X and two Y chromosomes, 
XXYY. This female was from a stock culture in which about half the 
females were expected to be XXY and half the males XYY. As we 


have seen, nearly half the eggs of an XXY female are XY, and thirty- 
three percent of the spermatozoa of an XYY male are XY. In the 
next generation therefore XXYY females should not be at all rare in 
such a stock. This female gave an unusual number of good figures, 
there being ten figures in which the identification of every chromosome 
is fairly certain. 

This female has an additional value as evidence since the increase in 
the number of chromosomes is more striking, and since the occurrence 
of such a female gives indirect cytological proof of the occurrence of 
XYY males. 

The ratio between XXY and XX daughters was much more easily 
determined by breeding tests than by cytological examination ; accordingly 
only enough females were examined to prove that XXY females do 
actually exist. The proof of this point is beyond question. Also it 
chanced that the ratio of nine XX Y to nine XX females was the equality 
expected from the breeding tests. 

It will be noticed that often the figures show chromosomes split 
in preparation for the coming division. The difficulty in understanding 
the figures published by STEvENs disappears if it is assumed that in 
the male such a split in the long arm of the Y chromosomes appears 
relatively early while the short arm splits later. With this interpre- 
tation, practically every figure given by STEVENs falls into line with 
the evidence which the XXY females furnish, namely, that Y is the 
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PLATE I 


The figures in this plate were drawn at table level; tube length 160 mm; Zeiss 
compensating ocular 12X.; and Zeiss apochromatic 1.5 mm oil immersion objective, 
N.A. 1.30. The figures were then enlarged 2 14 diameters, and in reproduction were 
reduced in the ratio 3:2. The resulting magnification is 5,115 diameters. 

Figures 1-3 are odgonial plates for wild females. Figures 2 and 3 are from the 
same cyst; figure 1 is from another individual. These figures are from freshly 
hatched mature flies; the rest of the figures are from pupae. 

Figure 4 is a spermatogonial plate of a wild male (the extra granule is probably of 
no significance). I now have several good figures from the testes of larvae; four 
of these are diagrammatic in clearness, and show that the Y has the same character 
in the male as it has when transferred to the female. 

Figures 5-19 are from XXY daughters of an exceptional mother. The plates are 
odgonial with the exception of 6 and 10 which are from other ovarian cells. Fig- 
ures 5-10 are from one individual, as are 11-13, 14-16, 17, and 18-19. Figure 5 is 
of unusual clearness. 

Figure 13 shows a typical late prophase in which the greatly elongated chromosomes 
are arranged about the periphery of the nucleus. 

Figure 6 shows the X chromosomes just drawing into the equatorial plate; the 
outer ends are still curved in contact with the nuclear wall; the same is true of 
figure 8. 

Figures 5, 7, 10-12, 13-16, and 19 are full metaphase groups. 

Figure 9 shows a !-te metaphase group in which the chromosomes are already 
split; the same conditior. is seen in 4, 17, 18, and especially well in 20, 22, and 24. It 
is characteristic of this split that it begins at the free ends of the chromosomes and 
proceeds toward the spindle attachment; the separation at the point of attachment 
does not take place until the elongation of the cell. 

Figures 20-24 are from an XXYY individual which was found in a stock mass 
culture in which half the parental flies were XXY females and half were XYY males. 

In general the Y is the most sharply defined of all the chromosomes; this is seen 
especially well in early metaphases such as figure 6, or late metaphases such as 
figure 22. 
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longer member of the XY pair, that it is attached sub-terminally, and 
has a J shape. 


THE XX EGGS OF XXY FEMALES 

Thus far in our analysis, the XX eggs of an XXY female have been 
considered mainly in their relation to the production of matroclinous 
daughters, but the method of origin of these eggs is interesting, if, 
as so far assumed, they are preceded by synapsis between an X chromo- 
some and a supernumerary Y. In an ordinary XX female, synapsis 
takes place between X and X, and in an XXY female synapsis must 
be supposed to follow this same female type in 83.5 percent of cases. 
During or after synapsis of X with X, crossing over would have an 
opportunity to occur, and does occur, as will be shown in another 
section. While the frequency of this crossing over between the two 
synapsed X’s of an XXY female is a little higher than normal the 
process must be essentially the same as that in an XX female. 

3ut if synapsis in the XXY female should take the course that it 
follows in the male, where X has Y for its mate, there would now 
be no chance of crossing over between the two X’s, for one of them 
is in synapsis with another chromosome, the Y. At the reduction divi- 
sion, Y and the X which conjugated with it, would pass to opposite 
poles, and the free X would go either with the Y or with the disjoined 
X. From those cases where the free X went with the disjoined X, 
XX eggs and Y eggs would result. The XX eggs should therefore 
always be non-crossovers, and this has been shown to be true. 

It was noticed that when an XXY female carried eosin in one of 
her X chromosomes and vermilion in the other, the exceptional 
daughters were always like the mother in that they still carried eosin 
in one X and vermilion in the other. Linkage experiments have shown 
that about a third of the X eggs of an ordinary XX female are cross- 
overs, that is, they carry both eosin and vermilion in the single X or 
conversely they carry neither. .\n experiment was made to find what 
percentage of XX eggs of an XXY female are crossovers, and the 
conclusion was reached that none of the XX eggs are crossovers. 

if the XXY female is heterozygous for eosin, vermilion and forked 
instead of for eosin and vermilion only, a greater length of the 
X can be tested, and over half of the eggs instead of a third are 
expected to be crossovers under normal conditions. To obtain such 
females, wild type exceptional daughters (from table 37) were out- 
crossed to eosin vermilion forked males. The results are given in 
table 42. 
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TABLE 42 


The offspring given by two wild type exceptional daughters from table 37(A) when out- 
crossed to cosin vermilion forked males. 





All daughters Regular sons 
Excep- 
w* Vv | ws Ww" tV¥ © w* t w' Vv tions 
r Jerce 
No. “= ty ly t| | Percent 
wv + w* V w*tv +. w* tv wt v wv t w'vi 
1030 48 48 , 18 20] 48 53) 10 20 3 3 — I 6 4.2 
1023 93 425 2 5 I2 15 7 7 I 2 -_— — 3 0.4 
Total | 7o 63 | 20 25 | 60 68|17 27 4 5s|— 1 9 








The wild type daughters of table 42 are heterozygous for eosin, 
vermilion and forked (regular daughters of which carry a Y chromo- 
some, or they are rarely exceptions like their mother). Twelve of these 
daughters were mated to bar males, with the results shown in table 43. 


TABLE 43 


A. Regular wild type daughters from table 42 tested by bar males. 











| ». 2 Regular sons 
is = Excep-_ | 
i ae we vi fiw i * w* f iid | Percent 
No. Me oe [ | rE | of ex- 
Cs. ee =) vee Sade) es __| ceptions 
B’ wevf + we vi | wev f | wf v +o B’¢g | 
| | 
1140 154 32 46 26 19 17 14 t 3 8 7 | 4.6 
1148 74 16 23 4 7 2 4 I 4 3 ae 
1122 | 123 | 19 24 ta 3 iz 0 I 7 3 | 4.4 
1135 ss 1 S35 (37 is 206 19 8 4 4 12 eo a 
1138 125 | 27 633 18 12 21 16 - 2 12 4 | 5-9 
Total 589 11g 153 77 60 92 #52 6 10 43 22 5-4 
| 
II4I 03 es 38 | (8) 736 <s 6 3 2 - | — 
1147 143 29 43 | 10 16 7 10 aa a a | _ 
1123 49 a2 625 9 10 ; «@ I I —.| 
1133 74 26 19 7 © 6 5 I 2 “digit I 
1134 104 13. 25 9 12 is 6 2— —-—|{}- 
1139 43 I2 II 5 5 6 8 — -_—_ — _ 
_— — il — - eS eee —_ ca 
Total 506 | 133 141 48 65 5I 42 aS Sea: ae 
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B. “Exceptional wild tvpe daughter from table 42 by a bar male. 
ae Regular sons 
so 8 . 
— Excep- : 
to oo we t v | we we t) w' iv tions Percent 
No wt a of ex- 
- : = } t V ly | t! E 
Ss See : a ee 
| 
B wetv + we tv w't Vv wv t +9 B’¢g 
ena" Sek: Eemereneasi a ps Cee) 
1146 79 9% 39 2 3 2 2 —_ - I 0.6 


One of the daughters was herself an exception, as is shown by her 
offspring (table 43 B) which are like the offspring given by her mother. 
Of the eleven regular daughters five were XXY and six XX (table 
43 A). 

The exceptional daughters from the XXY cultures of table 43 4, 
furnish the material to be tested. Eight such wild type daughters were 
tested by bar males, and, as shown by their sons, they were all found 
(table 44) to be non-crossovers, each having eosin, vermilion and 
forked in one X and only unmutated genes in the homologous X, as 
their mothers had had. 


TABLE 44 


The results given by the exceptional wild type daughters from table 43 when tested by 
bar males. 





Regular sons 








a 

= = Excep- ee 

toto | we wv f we atte iat if aoe Percent 
No. a a of ex- 

ihe. “9 , dhs ceptions 

B’ wevfi + we vf wy f w'f v +9 Bg 
1188 95 24 31 I2 14 | 9 3 2 4 I 2.6 
1259 125 a3 6 37 I5 10 6 5 2 4 8 5 re 
1197 45 7 7 0 2 2 i - 
1186 138 4I 53 22 14 I2 15 6 8 7 4.8 
1187 141 44 38 21 II 14°15 I 3 ~ 5.0 
1215 IT5 290 24 + ee 12 10 - 8 10 7.8 
1216 49 a 9 8 6 4 4 2 | 5:9 
1220 83 20 17 16 11 9 8 I I . 1 £8 
Total 791 205 210 117. 87 68 71 I4 10 46 36 5.0 


In subsequent generations twenty-nine more such exceptional daugh- 
ters have been tested in the same way and all were found to be non- 
crossovers (table 45). 
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TABLE 45 


The results given by the exceptional wild type daughters from table 44 when tested by 
bar males. 








2 Regular sons 
Lat 3 | . . 
. Eo Se ee sili ae! 5 “* if Exceptions 
No. | 8 v f } 
bccn 7 Pa, eee 
| B’ wevf + we vf wey f wf v \+ 9 B’a | Percent 
1400 | 56 14 10 3 g § :. 3 3.8 
1353 38 8 10 2 4 2 6 2 3 4 
1300 65 mu Oks II re) 7 3 3 4 2 I 2.3 
1332 Q2 23 23 IO 14 6 8 ’ I 3 :.6 
1333 76 15 18 © ae 5) 3 . © I 2 1.9 
1354 18 ; « I 3 I I == 
1355 47 II 8 10 7 4 4 I 3 I I 2.1 
1334 125 29 30 It 20 17 I! 2 I 14 13 9.6 
1356 38 wae i! 6 5 3 — 2 I 3.8 
1304 99 25 14 10 8 17 7 ;=— 5 4 4.7 
1357 234 68 85 20 24 28 11 7 2 25. 3% 8.1 
1418 | 83 16 25 9 5 3 9 4 I I I 1.2 
1490 20 5 8 5s 6 7 5 3 I 2 2.8 
1500 | 9 2 I 2 3 I 2 - I 4.8 
1569 | 4I 7 13 10 5 6 3 I 3 I 3 4. 
1571 71 zs t2 12 8 7 8 I 3 3 8 7<§ 
1572 65 i a3 9 10 an 15 I I1.6 
1573 | 47 os 62y 6 6 I 2 I 7 7-1 
I4I7 63 sy 62 2 2 8 _ 22 17 27-3 
1503 92 18 28 4 10 8 § 3 4 9 7-2 
1567 51 a3 «6&4 Yi 4 9 10 3 2 2 3.2 
1689 36 16 10 5 9 2 2 I 3 I 3.8 
1612 55 = «(4 4 8 .  ¥4 2 3 3 5.0 
1613 77 ES 23 12 10 9 «688 2-— 2 4 3-7 
1618 170 40 30 13 22 ‘. -¢3 I 4 23 8.4 
1624 30 16 9 6 4 e « I 2 I 3.6 
1703 73 12 19 10 II 5 ’ I I 7 «68 9.8 
1714 | 188 36 43 28 15 Ey «87 4 I Io II 5-7 
1715 | 168 57 48 16 12 iS 25 I 2 14 13 5(v er) 
= } 
Total 22605 554 576 251 268 200 201 34 36 105 142 0.7 





Not one of the thirty-seven exceptional daughters 


tested was a cross- 


over, although over twenty of them should have been crossovers if 


crossing over were of normal frequency. 


Several other exceptional 


daughters which were tested in other experiments, increase this evidence 


and show that crossing over does not occur in the formation of XX 


27TOS 
eggs. 


It will be demonstrated later that the NY and X egg of an 
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XXY female show no decrease in the amount of crossing over. No 
difference in the way the chromosomes pass to the poles at reduction 
can explain this difference in the amount of crossing over. The eggs 
destined to contain XX (or Y) must have begun to differ from those 
eggs destined to contain XY or X before the reduction division and 
before crossing over had taken place. This absence of crossing over be- 
tween the two X’s of an XX egg finds a ready explanation on the basis 
that the two X’s were not in synapsis with one another, but that one of 
them was in heterosynapsis with the supernumerary Y of the XXY 
female so that crossing over between the two X’s was impossible. On 
page 17 the percentage of cases in which XY synapsis occurs (16.5) 
was calculated from the percent of exceptions (4.3) given by XXY 
females. 


It has been shown that the two X chromosomes which enter XX eggs 
are the same two chromosomes that combined in the production of the 
XXY mother. If these two original chromosomes are X and X’ the 
two final chromosomes are likewise X and X,’ but not XX or X’ X’. 
This fact proves that the XX-Y separation takes place at the division 
which in normal eggs would be the reductional division, and not at the 
equational division. 

The evidence in this section proves that the ordinary type of non- 
disjunction is preceded by an XY synapsis and occurs at the reductional 
division. 


SYNAPSIS IN XXY FEMALES 


Females of the constitution XX Y have been produced in the following 
three ways, namely, XX egg by Y sperm, XY egg by X sperm, and X 
egg by XY sperm. Irrespective of their origin, these XXY females have 
given the same percent of secondary exceptions. This means that the 
method of synapsis is not influenced by the origin of the chromosomes. 
Two chromosomes from the same parent synapse with each other as 
readily as though they were from different parents. Thus when both 
X’s come from the mother, they synapse with each other in about 84 
percent of cases, and crossing over takes place in about the normal 
amount. This is of interest in connection with the case of the tetraploid 
Primuia, for as MULLER (1914) has shown, the data of GreGcory (1914) 
are in accord with the view that the four homologous chromosomes pair 
with each other, two by two, irrespective of whether they are from the 
same or from opposite parents. 
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That synapsis in an XXY female does not involve all three chromo- 
somes at once, but is between two of them with the third chromosome 
left unsynapsed, is proved by the fact that the chromosomes of XX 
eggs are never crossovers, while the X’s of the X and XY eggs are 
crossovers in about the usual percent. A difference between the paths 
followed by these two kinds of chromosomes originated before the stage 
at which crossing over became possible. Ii all three chromosomes 
synapsed together, there should not be this difference, for the X’s which 
enter the XX egg should be crossovers in the same percentage as those 
which enter the X and XY eggs. Furthermore, it is difficult to see how 
two X’s in synapsis with each other and at the same time with Y can 
cross over with each other without involving crossing over between the 
Y and one of the X’s. There is no evidence that there is crossing over 
between X and Y in an XXY female. This leads us to suppose that in 
the male the lack of crossing over between X and Y is a property of Y 
and not entirely due to the general fact that there is no crossing over in 
the male of Drosophila between any chromosomes. 


CROSSING OVER IN XXY FEMALES 


Besides the production of XX eggs both of whose X’s are non-cross- 
overs, there is another consequence of XY synapsis which may be ex- 
amined. After heterosynapsis Y and the synapsed X disjoin and the 
free X goes with the Y in half the cases. The resulting XY and X 
eggs must also be non-crossovers since there has been no XX synapsis 
which would give an opportunity for crossing over to occur. When 
these eggs are fertilized, they give rise only to regular offspring and 
should increase the non-crossover classes of the regular offspring. Be- 
cause of this added source of non-crossovers the percentages of cross- 
ing over should be Jess than those shown by sister XX cultures. If the 
free X goes with Y as often as with the disjoined X then the number 
of these added non-crossover X and XY eggs will be equal to the num- 
ber of XX and Y eggs. The number of XX and Y eggs is equal to 
twice the number of surviving exceptions (the XXX and YY zygotes 
die), so that the number of non-crossovers added from heterosynapsis 
can be found by doubling the number of observed exceptions. A com- 
parison of the percentages of crossing over shown by XXY and XX 
cultures should be interesting, and the regular sons of many of the ex- 
periments furnishing such data, are summarized in the following tables. 
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TABLE 45A 


A summary of the sons in XXY cultures where three genes were involved. 








Excep- | 
. r 4: Coin- | Data from 
Genes |] rice Total | tional Prantl pie <a 
| sons | | 
ee es eee 4 | 
yw'v | 4o1 | 7 | aye | 2 672 97 | 386 | 25 
w*tv | 1693 | 606 | 132 5 | 2436 65 | 15 | 37) 42, 43, 47 
wevfi | 1890 QI5 704 | 142 3651 202 59 | 43, 44, 45, 63 





The first of these tables gives those cases in which crossing over be- 
tween more than two genes is involved. The data of this table are also 
included in the following table, which gives the totals for each separate 
crossover value. 


TABLE 45B 


A summary of all crossover data from XXY cultures. 





; l 
| Excep- Cor- 








Genes Total Cross- \¢ "=! don rected Data from tables 
| sons overs value pn sales 
! | 
yw° 672 . aot 3-4 07 2.0 25 
yv 672 179 | 26.7 | 97 37-4 | 25 
w't 2436 601 24.7 65 26.0 24, 42, 43;.47 
wv 13,014 3937 39.7 580 33-7 Q, 12, 23, 25, 354, 
36, 37(A), 37(C), 
42, 43A, 43B, 44, 
45, 47, 56, 63, 77, 
86 
wef 3651 1619 | 44.4 202 49.8 43, 44, 45, 63 
w*B’ 257 | 114 44.3 21 53-0 | 3,79 
tv 2436 137. | 5.6 65 5-9 | 37) 42) 43) 47 
vf 3651 | 846 23.2 202 26.0 | 43) 44) 455 63 











Before discussing these results it is well to summarize the crossing 
over results given by the XX females. In one case four genes, eosin, 
vermilion, sable and forked, were run together, and gave the following 
data. 


TABLE 45C 


A summary of the sons of XX cultures involving four genes, from tables 34 and 66. 


' 1 ' ' ' ' ' ' ' 





Genes i i ) rs ) \ Bw ie a 








w'vsf 2708 1213 417 543 55 116 a ° 
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The two following three-locus cases occurred. 


TABLE 45D 


A summary of the sons of XX cultures where three genes were involved. 





Coin- 
Genes Total ‘ Table 
3 ta cidence 
w*tv 1887 627 139 | 2600 19.7 37 
w°vi 623 305 223 47 1198 59-4 43, 63 


The data from both these tables combined with the other data upon 
two-locus experiments give the following summary for the offspring of 
XX cultures. 

TABLE 45E 


A summary of all crossover data from XX cultures. 


Crossover 


Genes Total Crossovers Data from tables 
value 

wt 2600 634 24.4 37 

wv 15,177 4479 29.5 Q, 12, 23, 28, 34, 37, 43, 56, 63, 66, 77 

ws 5064 1758 34.7 34, 66 

wef 6262 2701 43.1 34, 43, 63, 66 

w°B’ 1699 744 43.6 10, 29, 30, 57, 79 

UV 2600 146 5.6 37 

VS 5064 484 9.6 | 34, 66 

vf 6262 1401 22.4 34, 43, 63, 66 

vB’ 3ir 67 2I.5§ 57 


On comparing the summary of the results for the XXY cultures with 
this summary of the results for the XX cultures it is seen that not all 
of the crossover values occur in both. Those cases in which data of 


both sorts are present are compared in the following table. 


TABLE 45F 


A comparison of the crossover values from XX and XXY cultures. 








XX cultures XXY cultures 
— | Percentage 
Genes Re Crossover = Corrected | Increase | j crease 

Total a Total a | 

value value | 
w't 2600 24.4 2436 26.0 | 1.6 6.6 
wv 15,177 29.5 12,817 3.59 4.2 | 14.2 
wf 6262 43.1 3651 49-8 6.7 15.5 
w°B’ 1699 43.6 257 53-0 9.4 21.6 
tv 2600 5.6 2436 5-9 0.3 | 4.6 
vi 6262 22.4 3651 26.0 4.4 19.6 
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At once the rather startling fact becomes apparent that in every case 
the percent of crossing over given by the XXY females has risen 
slightly. The mean increase in the corrected values is 13.5 percent over 
the values given by the XX cultures. This increase is in some manner 
due to the presence of the Y in the XXY females, though the mechanism 
whereby the Y produces such an increase is unknown. The increase 
does not seem to be confined to one section of the chromosome but 
seems to be practically uniform throughout the length of the X. 

It is possible that some of the assumptions made in the analysis are 
unwarranted, and that the increase is aceordingly only an apparent one. 
For example, if when X and Y disjoin the free X goes with the disjoined 
X much more often than with the Y, then only a few non-crossovers 
would be added to the regular offspring. Some work now under way 
makes it seem probable that the change in the amount of crossing over 
is a real one and that it is not necessary to suppose that the assortment 
at reduction is preferential. 


XXX ZYGOTES 

By primary non-disjunction in an XX female, and by secondary 
non-disjunction in an XXY female, XX eggs are produced. We have 
studied the matroclinous daughters which originate from the fertiliza- 
tion of these eggs by Y sperm; and we have assumed that the equally 
numerous XXX zygotes produced by the fertilization of XX eggs by X 
sperm are unable to live. On a priori grounds one would expect that 
XXX zygotes would survive as females. These females might be classi- 
fied either with the exceptional or with the regular daughters, according 
to whether the two recessives or the dominant allelomorph produced the 
greater effect upon the character. More probably the character would 
be intermediate between the dominant and the recessive, since even in 
a normal heterozygote there is usually discernible some effect of the 
recessive... A watch has been kept for such intermediates among the 
daughters of XXY females, but none have been found. Inspection thus 
shows that the XXX zygotes do not survive, or else are similar in ap- 
pearance to the exceptional or to the regular daughters. That they are 
not among the exceptional daughters is proved by the fact that this class 
is not more numerous than the exceptional male class, and by the fact 
that over three hundred of these exceptional daughters have been bred 
and were all of one type. Likewise about two hundred of the regular 
daughters have been bred, and none of them gave the peculiar results 
that an XXX female would be expected to give, namely, a three-female- 
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to-one-male sex ratio, a ratio of two recessives to one dominant among 
the sons, a large number of exceptional daughters, and one third of these 
exceptional daughters of the recessive type. Thus, for example, an XXX 
female carrying recessive white in two of the X’s and the unmutated 
dominant wild type gene in the other X (w w +) would be wild type 
in appearance. Bred to a bar male the offspring should be: 


Regular Regular Exceptional Exceptional 
daughters sons daughters sons 
6 2w, 1+ 2+, Iw o B’ 


If it is still to be supposed that XXX females survive, it must be as- 
sumed that they are sterile, since none gave aberrant results among the 
two hundred regular daughters tested. Only eight or nine would be 
expected among two hundred regular daughters, and thus the occasion- 
ally sterile individual would not seem unusual. While the probability is 
that XXX zygotes die, this evidence does not yet establish it as a fact.® 


YY AND YO ZYGOTES 

By secondary non-disjunction an XXY female produces as many Y 
as XX eggs. These Y eggs when fertilized by X sperm give patroclinous 
sons, but when fertilized by Y sperm give YY zygotes which are unable 
to live. Such zygotes could not be females for it requires two X chromo- 
somes to develop a female. Every male in a culture shows the sex-linked 
characters of the mother (regular sons) or of the father (exceptional 
sons); YY individuals can not be among these males since a YY indi- 
vidual could show no sex-linked characters whatever. By primary non- 
disjunction eggs with no sex chromosome arise, and these fertilized by 
Y sperm give YO zygotes which die, as do those with YY. 


EQUATIONAL NON-DISJUNCTION 


It may now be shown that there is another type of exception which 
does not preclude XX synapsis, and which occurs at an equational 
division. 

Very rarely a female which is heterozygous for a recessive sex-linked 
gene produces an exceptional daughter which is pure recessive. Thus a 
wild type XXY female carrying eosin in one X and vermilion in the 
other produced an eosin exceptional daughter (culture 600, table 9). 


*“Some work on high non-disjunction now under way proves definitely that XXX 
zygotes die. 
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This eosin exception was herself heterozygous for vermilion, as her 
offspring showed when she was mated by a tan vermilion male (table 46). 
TABLE 46 


The offspring given by an eosin equational exception from table 9 when tested by a tan 
vermilion male. 


Regular offspring Exceptions 
No —— Percent 
Vv? + ¢ wv ws w* 9 tv 
33 41 52 34 36 4 2 3-5 


The presence of the vermilion and the fact that exceptions were pro- 
duced are both strong indications that no error, such as non-virginity or 
contamination, occurred. In the case of certain other like exceptions 
which appeared later there is complete proof of the genuineness of this 
type of exceptions. 

Although in the mother of the eosin exception, eosin was carried in 
one X and vermilion in the other, in the daughter one of the X’s carried 
both eosin and vermilion. There must, then, have been crossing over, 
preceded by an XX synapsis. The other X of the eosin daughter carried 
enly eosin and therefore was a non-crossover chromosome. The very 
remarkable case is thus presented of an exceptional daughter, one of 
whose X chromosomes has undergone crossing over while the other has 
not! 

The chiasmatype hypothesis of crossing over offers a very simple ex- 





A B D 


Ficure 9.—Four stages in crossing over, according to the chiasmatype theory of 
JANSSENS. The maternal and paternal chromosomes come together, twist about each 
other, split lengthwise so that four strands result (4), and crossing over takes place 
between only two of the strands (B). The reduction division (C and D) segregates 
two strands to each cell. (After Morcan, SturTEVANT, MULLER, and Bripces.) 
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planation of exceptions of this type. In certain known cases, the two 
X’s may come together, twist about each other, and then each split 
lengthwise, so that four strands are formed. It has been assumed by 
JANSSENS (1909) that at this stage, where the strands lie in contact there 
may be crossing over between two without crossing over between the 
other two. As the strands draw apart each cell should thus receive a 
crossover and a non-crossover chromosome. If non-disjunction occurred 
at this stage XX eggs would be formed in which one chromosome is a 
crossover and the other a non-crossover. Such an egg would give rise to 
an exceptional daughter of the type actually found. 

It is impossible to obtain exceptions of this type from an XX or XXY 
odcyte unless the crossing over has taken place at a four strand stage. 
Therefore the proof that these exceptions have arisen from such odcytes 
will at the same time be proof that crossing over takes place during a 
four strand stage, to which process JANSSENS has given the name 
chiasmatype. 

A few of the offspring of the eosin exceptional female were tested, 
although there seemed no reason to suppose that they would be in any 
way different from ordinary XX and XXY flies. One of the wild type 
daughters tested by yellow white males gave only offspring expected 
from a regular XXY daughter, as shown by table 47. 


TABLE 47 


The offspring given by a wild type regular daughter from table 46 when tested by a yellow 
white male. 














Daugh- Excep- 
6 Regular sons ted 
; ters tions 
No. | Percent 
w-we + | we tv |} wctv + |} wv + swt v ywo 
771 Oe Sie Sh) eh ae} Se SL 4 3.3 


Three of the eosin exceptional daughters were tested and they proved 
to be duplicates of the mother; that is, they were heterozygous for ver- 
milion, as expected from their origin through secondary reductional non- 
disjunction (tables 48, 49 and 50). 
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TABLE 48 


The offspring given by an eosin reduction-exceptional daughter from table 46 when 
mated by a yellow male. 











Regular offspring Exceptions 
No. —— —— —————— Percent 
+ 9 wv w' wg yo 
750 42 20 26 2 22 
TABLE 49 


The offspring given by an eosin reduction-exceptional daughter from table 46 when 
mated by a yellow white male. 

















Regular offspring Exceptions 
No. Percent 
w-w° ¢ wv w‘ w'¢ yw 
S00 120 50 07 I 4 2.0 
TABLE 50 


The offspring given by an eosin reduction-exceptional daughter from table 46 when 
mated by a vermilion male. 














Regular offspring Exceptions 
No. —— 
V2 +2 | wevd wea! weg Vo Percent w'v 9 
712 47 49 51 52 5 II 8.7 I 





One of the three eosin daughters (tested by vermilion males, table 50) 
gave an eosin vermilion exceptional female which is a second case of 
equational non-disjunction. This immediately suggests that the tendency 
to produce equational exceptions may be inherited. Rather extensive 
tests of the offspring were accordingly made. 

One of the eosin reductional exceptions tested by pink males gave no 
equational exceptions (table 51). Pink is an autosomal eye-color (third 
chromosome) and was used because its presence (heterozygous) in an 
equational exception would prove beyond question that the intended 
cross had been made and that no error was responsible for the so-called 
equational exceptions. 
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TABLE 51 


The offspring given by an eosin reduction-exceptional daughter from table 50 when 
mated to. pink males. 


Regular offspring Exceptions 
No. 
+9 w'vo we w’ 9 +o Percent 
772 152 54 62 | 3 2 1.8 


Likewise, four of the regular wild type daughters of table 50 were 
tested by pink males, but none of these gave equational exceptions 
(table 52). 


TABLE 52 


The offspring given by four wild type regular daughters from table 50 
when mated by pink males. 





: : Equational 
No. All females All males q : 
female 
773 101 166 — 
77 162 185 — 
775 64 39 = 
776 157 170 = 
Total 544 560 --- 


Two of the vermilion regular daughters tested by pink males gave no 
equational exceptions (table 53). 


TABLE 53 


The offspring given by two vermilion regular daughters from table 50 when mated by 
pink males. 








Regular offspring Exceptions 
No | 
+9 wv vo v9 +H | Percent 
778 144 84 82 I I | 6 
777 156 86 73 = cate _ 


Four more vermilion regular daughters tested by forked or by bar 
males gave no equational exceptions, as is shown in tables 54 and 55. 
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Exceptions 


Percent 





TABLE 54 
The offspring given by a vermilion regular daughter from table 50 when mated by forked 
males. 
Regular offspring 
No. 
+? w'vo Vo v9 
768 132 64 77 = 
TABLE 55 


The offspring given by three vermilion regular daughters from 
bar males. 








table 50 when mated by 





Regular offspring Exceptions 
No. 
| B’9 wv Vv vQ B’ Percent 
815 175 64 79 4 5 2.8 
817 160 70 Q2 I 3 t.2 
Total | 335 134 I7I 5 8 — 
816 140 81 87 -— — — 


Finally three of the wild type regular daughters were tested by bar 
males, with the result that one gave a vermilion daughter which is a 


third case of equational exception (table 56). 


TABLE 56 
The offspring given by three 
bar males. 











wild type regular daughters from table 50 when tested by 











n Regular sons 
~ s 
3s Exceptions 
‘ A 0 we we \ p 
No. a = 
ws V 
B’ we V wey + +9 B’o . Percent v9? 
819 143 37 39 18 29 I 4 1.8 _ 
818 14! 58 50 20 17 —_ — —_ 
820 | 171 71 oo 1. 33 33 —~ ~_ = I 
Total | 312 129 106 | 62 50 — — =~ 
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In the culture in which the vermilion exception occurred there were 
no secondary reductional exceptions, the vermilion equational female 
being the only exception. This absence of other exceptions is not a 
complete proof that the mother was not XXY; but eight of the regular 
bar daughters, tested by miniature males (table 57), all failed to give 
secondary exceptions, which proves conclusively that the mother of the 
vermilion equational females was XX and that the non-disjunction was 
primary. It is not remarkable that this third case of equational non- 
disjunction should have been a primary exception, produced by an XX 
mother, for the presence of an extra Y cannot explain this type of non- 


disjunction. 


TABLE 57 


The offspring given by eight bar regular daughters from table 56 when mated by minia- 
J gg y eig g 
ture males. 








| 
Exceptions 
: All v v —— 4 ; 
No. . | | 
| daughters B 
| 
Vv B’ vB’ + | mo 
| ON 
976 55 17 23 7 8 _ 
977 31 17 IO 4 I — 
979 47 20 32 5 4 | — 
1016 } 115 34 20 6 6 | — 
1018 129 36 35 15 II | 2 
a | 
Total 377 124 120 37 30.—C CS - 
2 9 we B’ w°B _ 
——_—_— — s - ———=—— ee ee 
1017 154 32 33 30 39 
978 124 124 


IOI5 QI | 106 1 (sterile) 


A fourth case of equational exception was an eosin daughter produced 
by a wild type female heterozygous (“repulsion”) for eosin and ver- 
milion (culture 829, table 28). This case also, as has been already 
shown by the evidence of table 29, was due to primary non-disjunction. 

The vermilion equational female recorded in table 56 was outcrossed 


to eosin males, and showed by her offspring that she was heterozygous 
for eosin (table 58). 
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TABLE 58 


The offspring given by a vermilion equational daughter from table 56 
when tested by an eosin male. 





Regular offspring 





Exceptions 


° ' > 7 lat a 
w Q2 + 9 w'vVo Vo Vv? wo 








Le) 
~ 


938 18 26 24 


This exception, like the first, possessed one crossover and one non- 
crossover chromosome, and suggests the same explanation. 

Three of the wild type regular daughters (from table 58) were out- 
crossed to arc speck males but none of them gave equational exceptions 
(table 59). Are and speck are second-chromosome characters which 
were used to check the result in the same manner as pink was used in 


the first instance. 


TABLE 59 


The offspring given by three wild type regular daughters from table 58 
when mated by arc speck males. 














| 
| | > ‘ 
° | Equé é 
No. | Females Males | anne ul 
females 
1076 | 71 73 se 
1077 IIo 94 — 
1078 104 QI — 
Total 285 258 - 


Tests of this same type were applied to a fifth and a sixth case of 
equational daughters which arose in an unrelated experiment (see 
pedigree, page 14). Exactly as in the first case, eosin exceptional 
daughters heterozygous for vermilion arose from mothers which carried 
eosin in one X and vermilion in the other (cultures 785 and 834, table 
23). Each of these eosin daughters was tested by vermilion males and 
the offspring (table 60) show that they were heterozygous for vermilion. 

Several of the wild type daughters from table 60, mated to arc speck 
males, gave no equational exceptions (table 61). 
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TABLE 60 


The offspring given by two eosin equational daughters from table 23 when mated to 
vermilion males. 

















Regular offspring Exceptions 
No. : 4; 
v9 +92 !wvd vo | we? vo Percent 
937 47 58 5 56 2 4 2.7 
936 63 57 | 66 55 5 3 3.¢ 
Total IIO is | t¢2 irr | 7 7 | 
TABLE 61 


The offspring given by eight wild type regular daughters from table 60 
when mated to arc speck males. 














: : Equational 
No. Females Males q 
females 

1072 124 55 — 
1073 182 154 — 
1074 21 33 = 
1075 III IIO — 
Total 438 352 | -- 
1068 106 71 a 
1069 100 132 | oo 
1070 49 32 bios 
1071 III 104 — 
Total | 366 339 — 


The second equational female, an eosin vermilion daughter, recorded 
in table 50, was outcrossed to forked males, and proved to be an XXY 
female as shown in table 62. 


TABLE 62 


The offspring given by an eosin vermilion equational female from table 50 when mated 
to forked males. 


| Regular offspring Exceptions 


+9 wv’ wv 9 +o Percent 





~s 
an 
o 
~ 
wn 
rs) 
= 
oe 
_ 
mn 
w 
Ww 
is) 
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Seven of the wild type regular daughters of table 62 were outcrossed 
to white bar males. One of these (table 63) gave an eosin vermilion 
daughter, the seventh equational exception. 

TABLE 63 
The offspring given by seven wild type regular daughters from table 62 when mated to 


white bar males. 


Regular sons 





. ee | we v we; f | we vif | we: 1 Exceptions 

daugh- . . 

No. Lug f ly Iyvif 
ters 
wv {i wef v | wevf +.) we vi +92 wB’¢ Percent 

887 102 2 16 | 13 9 9 II I 9 I 2 1.5 (wev9 1) 
923 6 18 15 5 11 9 5 2 I 8 
Total 169 42 31 | 18 20] 18 16 I big 2 2 
888 105 22 290 | 12 16 8 10 I 
889 63 20 18 5 5 $ 4 3 I 
890 264 690 58 24 46 | 24 32 | 10 4 
892 160 20 31 | 33 22 10 10 2 3 
Q22 136 28 35. | 23 23 | 16 12 . 4 
Total 728 176 171 | 80 112) 62 68) 15 13 — | 


The eosin vermilion equational exception from table 63 was mated 
to sable forked males and proved to be heterozygous for forked (table 
64). Here again the eosin vermilion forked X was a crossover and the 
eosin vermilion X a non-crossover. 


TABLE 64 


The offspring given by an eosin vermilion equational daughter from table 63 when mated 
to a sable forked male. 











Regular offspring Exceptions 
No. 
£9 +9 wevic’ wtvo' | weve sift Percent 
1044 51 43 48 48 6 2 4. 


Two of the eosin vermilion exceptional daughters from table 64 gave 
regular offspring and reductional exceptions, but no equational excep- 
tions (table 65). 
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TABLE 65 


The offspring given by two eosin vermilion reductional exceptions from table 64 when 
mated to sable forked males. 


Regular offspring Exceptions 
Nx 
{¢ { wevic’ wevo | wev9 sii Percent 
114 8 . 73 6 8 9 5.7 
IIS 62 ) sO 60 4 6 4.2 
Total 148 1 123 129 12 15 


Five of the wild type regular daughters from table 64 tested by bar 


ns (table 66). 


J 
j 
Co 
n 


TABLE 66 


The offspring given by five wild type regular daughters from table 64 when mated to bar 


mates. 











Ex- 
l . cep- 

Ate |W sf |w* visfiwev if|w w* s | wevis; | we f he 
XN os - . tions 

0 = s f s visi vii i v's 

B sf | w®s wevsf + wevf s| y vsf| wes vi | wevs f| wef vs| +9 B’ 

a 

| 

11s4 10 I 12 OQ 6 2 8) I i 
I g I 6 wi 6&2 30 12 I ite 7 I I 2 2 I F> Ve 
1198 139 20) 15 5 5 5 5 5 I I 7 
1212 “8 I 16 9 ¢ 3 OC«édZ 6 2 I I * . 
1233 8B 673) 14 ¢ £ (26 £31 2 3 : 
Total ( I I( 00 03 4 23 31 5 5) I 5 4 I a 


In an experiment which is reported in the following section, a wild 
type XXY female which carried eosin in one X and whose other X was 
unmutated, produced an eosin exceptional daughter (table 77, culture 
1221). Since there were no control characters nothing was done with 
the exception. 

In a sister culture (number 1217, table 77) an XXY wild type female 
which carried eosin and vermilion in one X and neither in the other, 
produced two eosin and two vermilion equational daughters. Each of 
these four exceptions contained one crossover and one non-crossover 


chromosome, as the tests in table 67 show. 











NON-DISJUNCTION AND THE 'CHROMOSOME THEORY 131 


TABLE 67 


The offspring given by two eosin and two vermilion equational daughters from table 77 
when outcrossed to sable forked males. 


A. Offspring from the two eosin daughters. 





Regular offspring Exceptions 
No. aes - - 
+9 wv we" | weg sf J Percent 
1352 904 35 5 I 3 2.2 
1403 106 66 5 6 2 5.8 
Total 200 101 96 7 5 
B. Offspring from the two vermilion daughters. 
Regular offspring Exceptions 
No. 
+9 Wwev o we’ we 9 sf Percent 
1408 206 104 g2 4 7 2.7 (wev 91) 
1566 26 10 14 I I 3.8 
Total 200 | 114 106 5 8 


One of the four produced a further equational exception, which was 
an eosin vermilion daughter (culture 1408, table 67). 

A large number of the wild type regular daughters from these four 
cultures of table 67 were mated to black males (table 68). One which 
carried eosin and vermilion in one X and sable and forked in the other, 
produced an eosin sable equational daughter (culture 1553). 
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TABLE 68 


The offspring given by the regular wild type daughters from table 67 
when outcrossed to black males. 


A. Offspring from daughters from culture 1352. 





; . “quations 
No Females Males Equat onal 
exceptions 
1527 29 51 —_ 
1528 098 105 == 
1529 137 149 = 
1530 75 54 aaa 
1531 IOI I12 es 
1533 37 37 ia 
1535 132 114 =s 
1536 78 6x — 
1537 100 03 — 
Total 709 776 --- 
B. Offspring from culture 1403. 
1547 107 149 = 
1548 75 83 = 
1551 96 07 | ~— 
Total 278 329 a 
C. Offspring from culture 1408. 

1552 69 62 — 

1553 68 65 I (w’s 9) 
1578 174 141 — 

1580 94 99 —s 

1581 145 154 = 

1582 113 107 — 

1584 117 104 sc 

1585 138 107 — 

1586 126 122 = 


Total 1044 961 — 
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This exception in culture 1553 was tested by black males (table 69). 


TABLE 69 


The offspring given by the eosin sable equational exceptional daughter from table 68 when 
tested by black males. 








Regular offspring Exceptions 
No. —_——— 
Black 9 + 9 w's J w's 9 +o Percent 


1669 5 5 5 I — 6.3 








The fact that half the daughters were black is proof that no error has 
occurred. Both of the X’s were crossovers between eosin and vermilion 
and at least one was a crossover between sable and forked, that is, a 
double crossover. Whether the other X was also a double crossover or 
not is uncertain because the sons were too few in number (5) to show 
that the mother was not heterozygous for forked. 

Another equational exception, the fifteenth case, was a yellow white 
daughter produced by a mother carrying yellow and white in one X and 
eosin and vermilion in the other (table 78, culture 1285). This female 
died by accident so that it is not known whether she was heterozygous 
for vermilion or not. 

In culture 1424, table 34, an XX wild type female carrying eosin and 
vermilion in one X and sable and forked in the other produced by pri- 
mary non-disjunction a wild type female and an eosin vermilion female. 
The eosin vermilion female was sterile, an unexplained circumstance. 
The wild type female died by accident. 

In table 25, culture 1657, a wild type XXY female carrying yellow, 
eosin and vermilion in one X and no mutant genes in the other, gave a 
yellow eosin daughter which the test showed was heterozygous for ver- 
milion (table 70). 


TABLE 70 


The offspring given by the yellow eosin equational daughter from table 25 when mated to 
bar males. 




















Regular offspring Exceptions 
No. 
B’ 9 yw'vo ywes | yw? B’¢ Percent 
as ee iaees ——_——— 
1727 I4I 60 47 13 II | 8.8 
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In table 45, culture 1715, a wild type XXY female carrying eosin, 
vermilion and forked in one X and no mutant genes in the other, pro- 
duced a vermilion daughter which was heterozygous for both eosin and 
forked. One X must therefore have been a double crossover and the 


other a non-crossover (table 71). 


TABLE 71 


The offspring given by the vermilion equational daughter from table 45 when mated to 
sable males. 


Regular offspring Exceptions 
No 
+ ¢ wvid vo | wey vic v9 So Percent 
1736 gor 20 31 19 21 2 4 3.2 








There have been eighteen instances of equational exceptions. In 
thirteen of these cases, crossing over is known to have occurred, and this 
is in every case where evidence upon this point was obtainable. Again, 
of these thirteen cases which involved crossing over, twelve were cross- 
overs in only one chromosome and were non-crossovers in the other. 
The thirteenth case was a double crossover in one chromosome and at 
least a single crossover in the other. Although fifteen of the instances 
occurred in XXY females, three occurred in females known to be simply 
XX, and it is thus evident that equational non-disjunction is not caused 
by the presence of a Y. The descendants of equational exceptions seem 
to have a greater tendency to produce further equational exceptions, 
though no basis for this tendency has been found. 

As previously explained, all these exceptions are easily accounted for in 
the following way: XX synapsis took place; each X split so that a four 
strand stage occurred; crossing over took place between two only of 
these strands, one from each X; the reduction division separated the 
paternal X from the maternal X, each cell receiving a non-crossover and 
at the same time a crossover strand; at the next division these two 
strands ordinarily enter different cells, but by an occasional non-dis- 
junction these two strands do not separate from each other at the equa- 
tional division and consequently enter the same nucleus. In the case 
of an XX female the presence of the Y might favor the process by 
entering the other cell so that one cell receives two X chromosomes and 
the other two Y's. Equational non-disjunction thus enables us to ex- 
amine at leisure the products of reduction. 


It is impossible that a non-crossover and a crossover chromosome 
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come from a cell in which only two strands are present. Therefore the 
proof that these exceptions arise from XX (or XXY) odcytes would 
at the same time prove that crossing over took place in this manner at 
a four strand stage. 

If, however, the odcyte contained three X chromosomes, synapsis 
and crossing over might occur between two of them and the equational 
split appear after the crossing over had been accomplished. At the re- 
duction division the two synapsed X’s (which would also be crossovers 
in a certain percent of cases) would disjoin and pass to separate poles, 
while the free X, which would always be a non-crossover, would go with 
one or the other according to chance. In those cases in which crossing 
over has occurred and a crossover and the free non-crossover X have 
remained in the egg after reduction, the equational division would make 
no. quantitative change. These eggs fertilized by Y sperm would give 
exceptions having all the characteristics of those just described. 

But none of these equational exceptions came from XXX mothers; 
for it is quite certain that XXX females do not live. It is possible, 
however, that a small group of XXX cells in an XX female might live 
if such cells were produced. Let us suppose that in a germ-tract division 
the two daughter chromosomes from one X were late in separating from 
each other, while the other X divided normally. Then both these X's 
might become caught in one cell as in other cases of primary non-dis- 
junction. One cell from such a division would be X and the other X 
X’ X’ in composition, having two maternal (or paternal) X’s and one 
of the contrary type. This X X’ X’ cell might give rise to a group of 
such cells in the germ-tract and these might cause the production of 
several equational exceptions in a single culture, as in culture 1217, 
table 77. 

The twelve cases in which one of the X’s was a non-crossover and the 
other a crossover chromosome are equally well explained on either the 
chiasmatype or the X X’ X’ view. The thirteenth case in which one X 
was a double crossover and the other X probably also a double crossover 
could be explained on either view as a case of primary non-disjunction at 
the second maturation division. 

Yet if an equational exception should arise such that one of its X’s 
were a double crossover and the other a single crossover between two of 
the same genes involved in the double crossover, then the X X’ X’ view 
could not be applied, for one strand cannot cross over at the same point 
with each of two other strands. Of the two exceptions which might 
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have answered this question, one did not give enough offspring to settle 
its nature and the other could have arisen by either method. The evi- 
dence in hand thus allows us no conclusion as to whether crossing over 
takes place at a two or four strand stage; but equational non-disjunction 
otfers the possibility of answering this question definitely.” 


SOMATIC NON-DISJUNCTION AND GYNANDROMORPHISM 


[f the same sort of primary non-disjunction which has been assumed 
to give rise to X X’ NX’ cells in an XX female, should take place at a 
cleavage stage, gynandromorphs and mosaics would result. One might 
expect at an early cleavage division, particularly the first, a relatively 
large number of X—X N’ X’ divisions, for the greatly condensed chromo- 
somes introduced by the sperm do not for some time attain the state or 
the appearance of those of the egg nucleus. If the paternal X of a 
female were slower than the maternal in preparing for division, it might 
lag upon the spindle so that both daughter X's would become included 
in the same cell. The portion of the fly which comes from the X cell 
should be male and should show the sex-linked characters of the mother. 
Such a process may be the explanation of the large number of lateral 
eynandromorphs of Drosophila. When the X—X X’ X’ division occurs 
at a later cleavage stage we may have mosaics, as for example, a red 
female with a patch of white facets in the eye. 


HIGH NON-DISJUNCTION 
The mean of the percentages of exceptions given by all the XXY 
cultures is 4.3 percent and the mode is at about 2.3 percent. Occasionally 
rather high percentages occur. For example, one of three regular white- 
eosin daughters from culture 800 gave nearly 14 percent of exceptions, 
while a sister gave 8 percent (table 73). 


*> The conclusive evidence that crossing over does take place at a four strand stage 
according to the chiasmatype hypothesis came Dec. 16, 1915, with the discovery of an 
equational female one of whose X chromosomes had undergone double crossing over 
while the other had undergone single crossing over at the same level (between 
the same two genes) at which the first crossover of the doubie had occurred. 
v f 


Sg 
the two recessive characters vermilion and forked were in one X, and the two reces- 


The mother of this exception was an XXY female of the constitution ’ 





sive characters, sable and garnet, were in the other (for garnet see p. 151). The 


vy Sf. ; the chromosomes repre- 


equational exception was of the constitution 
sented by the space below the line (unmutated genes only) is a double crossover, and 
the chromosome represented above the line is a single crossover which had taken 
place between vermilion and sable, that is, in the same region in which the first 
single of the double had occurred. 
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TABLE 73 


The offspring given by three white-eosin regular daughters from table 49 when outcrossed 
to wild males. 


Regular offspring 





Exceptions 
No. a 

+9 ree w-w* 9 +o Percent 
931 80 112 I I I 
932 77 74 It 13 13.7 
933 113 112 II 8 7.8 
Total 270 298 23 22 


From each of these cultures two exceptional daughters were tested. 


Each gave percentages somewhat higher than normal (table 74). 
TABLE 74 


The offspring given by four white-eosin exceptional daughters from 
table 73 when outcrossed to bar or wild males. 








A. Two daughters from culture 932 mated to wild males. 
oul : ; 
Regul wf Exceptions 
- ~T 1 “ 
No. olispring Percent 
+9 i w-w* 9 +o 
1079 158 122 14 14 9.4 
1080 157 159 6 10 4.8 
Total 215 281 20 24 





1039 129 123 14 6 7.4 
1040 127 121 4 9 5 
Total 256 244 18 15 








Three exceptional daughters from culture 1039 (table 74) gave only: 
low percentages of exceptions (table 75). 
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TABLE 75 


The offspring given by three white-eosin exceptional daughters from 
table 74 when ou‘crossed to wild males. 





Regular . : 
fi Bu Exceptions 
; offspring 
No. I & 
+ 9 w-w°? +c¢ Percent 
1151 92 92 5 I 3.2 
I152 83 95 5 2 3.8 
1153 97 77 I I r3 
Total 272 264 II 4 


Two similar exceptional daughters from culture 1079 (table 74), gave 
high percentages of exceptions (table 76). 
TABLE 76 
The offspring given by two white-eosin exceptional daughters from 


table 74 when mated to bar males. 


Regular . ; 
a Exceptions 
No offspring 
B’¢ raed w-w°? B’¢ Percent 
1184 110 80 I 9 10.0 
1202 5 13 15 14 62.0 
Total 115 03 26 23 


Up to this point none of the cultures have been so aberrant that they 
do not fall into the normal curve. 

However, one of the cultures of table 76 produced more cxceptions 
than regular offspring, and this culture seems to belong to a different 
category of non-disjunction. 

Twelve of the regular daughters from culture 1079 were tested and 
one (culture 1164, table 77) likewise gave a remarkably high percentage 


of exceptions. 
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TABLE 77 


The offspring given by the regular wild type daughters from table 74, 
mated to bar males. 


culture 1079, when 








Regular offspring Exceptions 
No. —————__—_—_—__— 
B’ 9 V N B’ Percent 
1182 SO ) im } 4 4.0 
1204 8 2 3 2 
1205 26 12 2 3 3 4 b3.<2 
1217 116 7 34 17 9 5 5-9 (w® 22, v 92) 
1222 6 5 3 I 
1164 30 ( ae 42 
1183 75 } 
1203 QI 
1206 5 8 I 5 16.6 
1221 07 7 6 6.9 (w® 91) 
1163 108 108 lassified males 
1185 . i lassified males 


Thirteen « 


ft the excepti l 


daughters from culture 1164, table 77, 
| 7/ 


were outcrossed to bar males. The mean of the percentages of excep- 


hic 


tional offspring was 5 percent, which is about normal, and there were no 


very high percentages (table 78) 


78 


TABLE 7 


The offspring given by the wild type exceptional daughters from culture 1164, table 77, 
when mated to bar males. 








Regular offspring 
I g 


Exceptions 





No 
B’¢ W b +g B's Percent 

1238 148 52 53 3 3 a3 
1239 154 71 73 18 8 8.0 
1240 188 90 84 8 7 4.0 
1245 87 40 36 5 2 4.1 
1246 146 83 59 5 3 ae 
1247 159 Q2 go 7 9 4-5 
1248 100 47 52 8 6 6.6 
1249 169 97 92 10 6 4.3 
1250 154 85 85 6 7 3.9 
1251 166 71 67 8 10 5.6 
1252 152 68 77 II 9 6.3 
1253 gI 52 43 8 I | 4.6 
1289 182 88 84 18 m4 7.6 
Total 1896 936 895 113 82. 5.0 
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Four of the regular bar daughters from culture 1164 were mated by 
white males. Only one produced exceptions, and the percentage was 
normal (table 79). 


TABLE 79 


The offspring given by four bar regular daughters from culture 1164, table 77, when mated 
to white males. 


Regular daughters Regular sons Exceptions 
No. 
w-w° B’ |w-w°B’ + we B’ weB’ 4-4 Wo Percent 
1256 50 7 4t 45 57 42 40 «48 9 4.6 
} 
1257 21 19 | I 10 26 16 fo) 10 
1255 25 22 21 23 22 18 18 15 
—— ——____— — ~ _ — 
Total 46 41 35 8633 48 34 2825 - 
1254 - 38 45 — 20 — 39 ~~ 


From the other unusually high culture (1202, table 76), four ex- 
ceptional daughters were tested by mating to wild males. The per- 
centages of exceptions were rather high (table 8o). 


TABLE 80 


The « Jspring given by four white-eosin exceptional daughters from cul- 
ture 1202, table 76, when outcrossed to wild males. 


Regular offspring Exceptions 
No. ; 7 
B Unclassified , P 
F W-w' G +o ercent 
males 
1287 135 111 II 8 7.3 
1288 135 137 ; 5.6 
1302 I1t4 131 13 38 7.9 
1336 130 113 8 13 8 
Total 514 492 35 42 7.1 


Four other exceptional daughters tested by bar brothers gave normal 
percentages of exceptions (table 81). 

These tests of the regular and exceptional daughters from the two 
unusually high cultures seem to show that the tendency to produce very 
high percentages is not due to anything which has happened to the X 
chromosome. If some sort of mutation in one or both of the X’s was 
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TABLE 81 


The offspring given by four white-eosin exceptional daughters from cul- 
ture 1202, table 76, when mated to bar brothers. 

















| Regular offspring Exceptions 
mek. we me ad , Pa 
RB: Unclassified ee Be : 
Q waglien w-w* 9 d Percent 
1258 124 105 9 2 4.6 
1285 174 176 II 8 4.9(yw 91) 
1286 134 II4 4 9 5- 
1303 164 166 II 9 5.9 
Total 596 561 34 28 2.3 


responsible for this high non-disjunction, then all exceptional daughters, 
which receive both the X’s of the mother, should also give high non- 
disjunction, but this was not the case. 

Since secondary non-disjunction is caused by the presence of the Y 
chromosome, it seemed possible that the change in production of excep- 
tions might be due to a change in the Y chromosome, that is, to a Y mu- 
tation. A high-producing female was assumed to be XXY’. Y’ would 
descend to all of the exceptional sons of such a female, and also to half 
of the regular daughters. All the exceptional sons of an XXY’ mother 
should be XY’ (see figure 6, p. 13). Since the effect of Y’ can only be 
detected in an XXY’ female, three of the exceptional bar sons (XY’) 
from culture 1202, table 76, were outcrossed to XXY exceptional daugh- 
ters from table 44. 

The XXY females to which the XY’ male is crossed should of course 
produce only the normal percentage of exceptions, as in fact they did 
(see cultures 1306, 1333, and 1304, table 45). All the exceptional 
daughters from these cultures should however be XXY’ and should 
give high non-disjunction. Two such daughters were tested by bar 
males and one gave very high non-disjunction (see culture 1417, table 
45). The other culture, 1418, gave a rather low normal percentage. 

The results are contradictory, but the partial success of the test en- 
couraged further tests of the same nature. An attempt was made to 
secure a stock in which every Y, whether in females or in males, should 
be Y’. If culture 1417 was high because of the presence of Y’, then, as 
has been shown, the exceptional sons of this culture should also be XY’. 

Since the father of culture 1417 was an ordinary bar male, all the 
exceptional daughters should be XXY and not XXY’. Matings between 
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these exceptional XXY daughters and XY’ sons should give normal 
percentages of exceptions, as was the case (see cultures 1612, 1613, 
1618 and 1624, table 45). 

The exceptional daughters from this last cross should be XXY’ and 
should give high non-disjunction. Three of them were mated to their 
fathers (which had been saved for this purpose), and since their Y’s came 
from their fathers each of these cultures should give a line in which 
every Y is mutant. Also the percentages should be high from the XX Y’ 
composition of the mother. Three such daughter by father matings were 
made and each gave a percentage above normal, but not unusually high 
(cultures 1703, 1714, 1715). 

Evidently then, if there is a high line, the mode is in the neighborhood 
of 8 or 9 percent, with occasional very high cases. All the data secured 
in these tests will bear such an interpretation, but it cannot be considered 
proved until extensive tests of the percentages of exceptions given by 
the pure Y’ lines have been made.?° 

KEEPING STOCK 

The method usually followed in keeping stock of non-disjunction is 
to breed from the exceptional females of any culture. These females 
have an extra Y chromosome and give exceptional daughters like 
themselves, and exceptional sons like whatever male was used in the 
outcross. In carrying on the stock in this fashion it is of course neces- 
sary that the females be virgin, and this involves the inconvenience 
of watching the stock very closely, as the exceptional females are rare 
at best. A method which does not require such continuous attention 
is to mate an exceptional female, say eosin-eyed, to several of her 
brothers having eosin eyes. This will give an eosin stock which can 
be transferred from generation to generation. But in the use of such 
a stock, special precautions have to be taken, for not all the females 
will give exceptions when outcrossed. The initial eosin female had 
an extra Y, so that half of her sons and daughters will have one also. 
Moreover half of the eosin brothers to which such females are mated 
have an extra Y, so that an additional supply of Y’s come from them. 
Only about three-eighths of all the flies of a freshly made stock will 
escape having an extra Y, while about one-eighth will have two extra 
Y’s. In further generations of this stock the percentage of flies which 
have extra chromosomes may decrease. In carrying on a-stock by a 
few parent flies in each generation, any mating which chances to 


* Recently such tests have been made and they show that the mean of the high line 
is about 20 percent of exceptions. 
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have less than the average richness of Y’s can not recover in the next 
generation, so that any particular poor selection will be a permanent 
injury to the stock. 

In using such a stock one must make several P, matings in order to 
insure getting one in which the female carries an extra Y. As soon 
as such pairs have produced offspring one can select a culture which 
has given exceptions and discard the others. Of twenty-six such 
matings made from fresh stocks, only six failed to give exceptions 
(table 82). 


TABLE 82 


The three kinds of results given by eosin females of fresh stocks of 
non-disjunction when tested by wild males. 


| Regular offspring| Exceptions Percent of 











No. een PG icilie et exceptions 
+9 w'o w° 9? +o 
62n 130 122 2 I a 
63n 69 60 6 5 7.9 
64n 7 84 I _ .6 
66n 43 24 3 4 9-5 
68n 64 64 4 5 6.6 
69n 94 QI 7 fe) 8.4 
70on 72 52 6 16 15.2 
71n }. 85 48 4 3 5.8 
88n | 59 62 I 4 4. 
89n 45 59 — 2 1.9 
gon 50 52 I 2 2.9 
gin | 24 27 —_ I 1.9 
g2n 83 76 3 2 3- 
g3n 81 64 6 — 4. 
g5n | 50 40 I 2 2.2 
96n 37 42 I - 1.3 
140n 82 80 3 4 4.1 
I41n | 33 30 2 — +.% 
142n | §3 50 I — i. 
145n |} 22 2 —_ I 1.8 
Total | 1226 1159 52 62 — 
61n 49 5 — — — 
65n 121 11g — — —_ 
67n 75 79 = ae = 
94n 79 77 _ — a 
g7n 44 35 — — = 
128n | I1ro0 go — —_ — 
Total 478 456 _- a ~- 
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Tests made with a stock which had been maintained by transference 
in this manner through five months showed little deterioration, since 
four out of six females tested gave exceptions (table 83). 

TABLE 83 


The offspring given by six eosin females, from a stock transferred through 
five months, mated to bar males. 


Regular 
offspring 


Exceptions 


Percent 
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However, from another stock which had been kept about five months 
only four females out of the twenty-three tested gave exceptions 
(table 84). 

TABLE 84 


The offspring given by eosin females, from a stock transferred through 
eight generations, when mated to vermilion males. 


Regular offspring | Exceptions 





No. Percent 
+ ? we w° 9 Vv 

295 35 40 I ‘% 
319 54 35 7 I r.3 
321 17 19 I 2:3 
322 fe) 14 I 4.1 
otal 116 III I 3 

290 55 54 = 

207 38 14 — 

208 87 61 - 
299 35 37 " aa 
3°97 35 21 - = 
308 64 31 ae 

309 53 53 me sai 
310 35 27 - 7 
311 31 20 S : = 
312 31 26 - 

313 29 17 - — 3 
314 II 10 — -- — 
315 29 23 - — - 
316 31 23 : : 
317 52 21 — 
318 35 2 — : = 
320 43 28 : 
323 61 50 = aa x 
324 52 47 _ a = 
330 34 30 ‘ = 
331 35 31 aa 

332 38 33 = 
Total OI4 690 — -- -— 


GENETICS 1: Mh 1916 








140 CALVIN B. BRIDGES 


It will be noticed that not more than one exception appeared in any 
of the cultures of this table. It is very possible that some of these may 
be primary exceptions, in view of the frequency with which primary 
non-disjunction must be supposed to occur. Moreover, all three of 
the regular daughters of culture 321 which were tested failed to give 
exceptions, as would be the case if the exception in 321 were primary 
(table 85). 


TABLE 85 


The offspring given by three wild type regular daughters 
from culture 321, table 84, when mated to bar males. 


Regular offspring Exceptions 
No. 
B’¢? | Unclassified males} +9 B’¢ 
389 105 94 = 
390 102 23 — - 
391 78 66 — — 
Total 285 783 





lor the most part there has been no need for special stock of non- 
disjunction, since the experiments have continually furnished material 
for fresh work. Those few cultures which have had little purpose aside 
from keeping stock are summarized in table 86. The pedigree gives the 
relation of each culture to the whole fabric. Culture 339 was intended 
as part of an experiment with certain eye-colors, but since it gave sec- 
ondary exceptions of a convenient kind a new line of non-disjunction 
was started and the old line was terminated. 
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TABLE 86 


Miscellaneous cultures. 


r Regular Regul: ‘ ; erce f 
Parents a, eg Regular Exceptions I ercent of 
daughters sons exceptions 
w® 9x wo w-w* ws W W 
43n 82 88 § 12 10.5 
w* 2 X wB’ w-w°B Ww w°? wB 
42n 66 88 5 2 4.4 
+ 92x wB’ w-w°B’ B w* wB 
55n Id 25 > 32 I 2 2.9 
6on I 390 32 26 2 2 3.3 
7 64 $7 58 3 4 
ox 2 oc". B we we Q B’ 
152n Ke) 24 2 2 5.9 
153n 37 35 2 5 0.5 
. 6 4 ee 
v9?x-4 \ V 
339 7 73 10 10 11.8 
v2? xX B’ B’ V \ B 
419 Igo 160 3 4 2.0 
420 104 169 3 I 1.2 
421 1d¢ 159 2 0.0 
420 205 142 2 3 1.4 
430 106 97 2 I 
854 727 12 ra) 
+?xX wB’¢ w-w°B’ B’, | we vwev +) +92 wB’o 
649 60 63 46 38 20 16 3 2 2.0 


MUTATIONS 

The cultures reported in this paper have given rise to over a dozen 
mutations, and these may be briefly described. 

Cream a (July 15, 1915). It was noticed that some of the eosin 
males of culture 43n (table 86) were considerably lighter than normal 
and were a pale yellow or “cream” color. A “cream” male was out- 
crossed to a wild female and gave wild type sons and daughters as ex- 
pected if the cause of the dilution were recessive. An F, pair produced 
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a surprising F, result, which differed from the result of the simple F, 
from an eosin male by wild female only in that a quarter of the flies 
which were eosin were diluted to cream. None of the not-eosin flies 
showed a trace of dilution. The character “cream” is then a double 
recessive, the product of the action of a recessive autosomal gene 
(‘“‘cream,” by extension) added to the effect of the sex-linked gene eosin. 
However, the single recessive, cream, is indistinguishable from red, that 
is, by itself it produces no visible effect. Cream a was the first of a 
class of mutations which are specific diluters of eosin, that is, which 
require the presence of eosin before they can develop any visible effect. 
These specific modifiers are analogous to the modifiers which extend 
or restrict the area of the white pigment of the hooded rat, and which 
produce no visible effect unless the white-producing gene is present as 
a base. 





Dark and whiting (Sept. 23, 1913 and Nov. 21, 1913). It was 
noticed that in the sister cultures 100n and rotn (table 16), there were 
present eosin males which were abnormally dark in color. In the next 
generation more dark males appeared, and some of the white-eosin 
females were practically as dark as pure eosin. In subsequent genera- 
tions this dark modification appeared in a manner and in such propor- 
tions as to suggest that it was a case converse to cream a, that is, that 
there was present a recessive gene which is a specific darkener of eosin, 
and which does not modify the color of those flies which are not eosin. 

One pair of “dark” eosin flies gave about a quarter of the offspring 
pure white in eye-color (Nov. 21, 1913). This was an astonishing re- 
sult, since the sex-linked white could not appear among the daughters of 
such a culture except by the rare equational non-disjunction. Other 
features of the cross were likewise impossible on the assumption that 
the colorless eye was the sex-linked white. A series of tests showed 
that this white color was in fact not the sex-linked white which had 
been running through the experiments up to this point, but was a new 
and complex color due to a specific diluter of eosin, that the white was 
a double recessive, eosin “whiting.” It is remarkable that a gene which 
has so profound an effect upon eosin (depriving it of all trace of color in 
both males and females) should by itself produce no visible effect; the 
stock of whiting is indistinguishable from a wild stock, and the eosin 
whiting is indistinguishable from white. How curiously specific is the 
dilution effect of whiting, is illustrated by the fact that whiting does not 
affect cherry, an allelomorph of eosin so similar to eosin that cherry 
and eosin females are practically indistinguishable. 
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Cream b (March 10, 1914). In culture 82 (table 41) a single eosin 
male somewhat lighter in color than the others was observed. This 
dilution was found to be due to an autosomal diluter like cream a 
though not as marked in its effects. 

Three other specific diluters of eosin have come up in my experi- 
ments. A remarkably close imitation of such a multiple factor case as 
that of CasTLE’s hooded rats could be concocted with the chief gene eosin 
for reduced color, and these six diluters which by themselves produce no 
effect, but which carry the color of eosin through every dilution stage 
from the dark yellowish pink of the eosin female to a pure white. 

Lethal 4 (March 13, 1914). The same culture, 82 (table 41), which 
gave rise to cream b gave only half as many sons as daughters. The 
cause of this absence of sons was found to be a sex-linked lethal gene 
whose locus in the X chromosome is at approximately 49. 

Lethal 6 (April 9, 1914). The cream b male of culture 82 (table 41) 
was outcrossed to a wild female, and a pair of F, flies gave only half 
as many sons as daughters. These sons were all eosin, so that the death 
of the wild type sons must have been due to a lethal (lethal 6) which 
was carried by the X from the wild grandmother. This lethal is inter- 
esting since it has been found to lie to the left of yellow at a position 
—.04. This is the closest “partial” linkage recorded, there being only 
one crossover between lethal 6 and yellow in 2500 flies. 

Spoon (December 12, 1914). In culture 898 (table 37 (B)) a male 
was found which had a thin-textured wing, curved like the bowl of a 
spoon and having an extra cross vein. This mutation proved to be a 
sex-linked recessive which lies to the left of eosin and close to yellow. 
However, only rarely do spoon flies hatch, so that the character has to 
be handled like a lethal, with the exception that the occasional spoon 
male can be used in mating—an advantage lacking in the case of total 
lethals. This mutation is a sort of connecting link between those muta- 
tions, such as rudimentary, which are poorly viable under adverse con- 
ditions, and total lethals which never hatch under any condition. One 
class of lethals can be regarded as an extension of this inviability effect to 
the point at which the mutant individuals can no longer hatch. 

Lethal 7 (January 1, 1915). Another category of lethals is illustrated 
by lethal 7 which appeared in culture 1072 (table 61). This lethal, 
which also lies to the left of eosin, causes the death of the individual at 
the mature larval stage. Those larvae which are about to die can be 
separated from those which are to live, because the morescent larvae, 


Mh 
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when half mature, leave the food and wander about on the surface of 
the culture bottle. Furthermore, while these larvae are still young one 
or more intense black specks appear in their body-cavities. As the 
larvae become older this character, which is absent from normal flies, 
becomes more conspicuous, so that one can easily pick out those cultures 
in which the mother was heterozygous for lethal 7 by the numbers of 
black-spotted larvae wandering about or dead upon the walls of the 
bottle. Lethal 7 is then a larval character of such virulence as to cause 
a change in the instincts of the individual and finally to cause its death. 

Deficiency (September 25, 1914). Still another and the most signifi- 
cant category of lethals was found in the appearance in culture 546 
(table 9) of a white-eosin daughter from a mother heterozygous for 
eosin and a father which was white but also bar. This daughter re- 
ceived the white from the father but did not receive his bar. Since both 
white and bar are carried by the X chromosome, either bar remutated to 
normal or something happened to the region of the X in which bar 
was situated. Tests showed that the latter explanation was correct, that 
a small section of the X in the bar region had become genetically non- 
existent! This X, at the same time that it lost the gene for bar, lost the 
normal allelomorph for forked, which is about half a unit from bar. 
Females having one normal X and one deficient X, outcrossed to forked 
males, produced daughters half of which were forked, and this in spite 
of the fact that forked is a strict recessive. These forked daughters 
have forked in the paternal X and in the maternal (the deficient X) no 
allelomorph of forked whatever. This deficient region is known to ex- 
tend from forked to bar and to fail to extend to rudimentary (rudi- 
mentary is 1.4 units to the left of forked) on the one hand and to fused 
on the other (fused is 2.3 units beyond bar). The existence of normal 
genes and their allelomorphs between the deficient region and the end 
of the X proves that the end is not gone but that the change is an in- 
ternal one which affects a specific region of the hereditary material. A 
female having one deficient X shows no crossing over in the region be- 
tween forked and bar. The section of the X chromosome from forked 
to bar exhibits properties like those of the Y chromosome; perhaps the 
lack of genetic material in the Y has been brought about through the 
same process which occurred in the X of the white bar male. 

A female having one deficient X gives only half as many sons as 
daughters, that is, a male is unable to live unless he has a whole X. 


It should be noticed that this first case in which a true “loss” of 
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genetic material is known to occur is unaccompanied by any visible muta- 
tive change; the female having a section of the essential genetic material 
gone from one X is entirely normal in appearance. This is of great 
significance since the loss involves the region in which the dominant 
bar is situated. If the dominance of bar were due to the loss of an 
inhibitor then this female should have been bar, which she was not. 
The expedient of explaining a dominant as the loss of an inhibitor is 
useless in this case and of extremely questionable value in most other 
cases. 

Of considerable theoretical importance is the fact that an individual 
having one deficient chromosome is a female, normal in appearance and 
function. Therefore it is not essential for the production of a female 
that two whole X’s be present, that is, sex production is a function of 
some particular part of the X rather than of the X as a whole; further, 
the sex differentiators are situated in some region of the chromosome 
other than the region from forked to bar. It may be long before we 
know in what region the sex differentiators are, but meanwhile it is 
some satisfaction to know where they are not. 

Short (July 20, 1914). In culture 310 (table 84) all the males that 
were eosin had wings of about half or two-thirds normal length and of 
conspicuous broadness. This mutation proved to be sex-linked and 
to be located between yellow and white. 

Bifid (July, 1914). In culture 323 (table 84) the sex-linked mutation 
bifid reappeared. 

Rudimentary (July, 1914). In culture 330 (table 84) the sex-linked 
mutation rudimentary reappeared. Both bifid and rudimentary were 
checked by the presence of eosin, and by the fact that they occurred at 
Cold Spring Harbor where there were no stocks of these mutations. 

Confluent (September 23, 1914). In culture 550 (table 9) appeared 
a single male with the veins of the wing thickened and knotted and 
confluent with the marginal vein. This mutation was a second-chromo- 
some dominant, which was probably lethal when homozygous (yellow 
mouse case). The interesting feature of this mutation was that C. W. 
Metz and B. S. Merz (1915) found in another species of Drosophila a 
mutation which corresponded with this mutation in all points, both as 
to its somatic appearance and genetic behavior. 

Garnet (February 19, 1915). In culture 1347 (table 34) one of the 
sable sons had an eye-color which was practically indistinguishable from 
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purple (purple is a second-chromosome mutation). The new color 
“garnet” proved to be sex-linked and to be located at about 44.4. 


III 


OTHER EXCEPTIONS TO SEX-LINKED INHERITANCE, AND VARIATIONS IN 
THE DISTRIBUTION OF CHROMOSOMES 


In several other forms exceptions occur which seem to be of the 
same type as those found in Drosophila,—namely, matroclinous daughters 
and patroclinous sons.. Cytological work has shown that in many forms 
the chromosomes are subject to variations in distribution and constitu- 
tion. While it is not probable that all these variations can be fully ex- 
plained by non-disjunction, yet it may be profitable to point out how 
far they may be accounted for on this theory. 


Abraxas 


One of the most extensive cases to which the explanation of non- 
disjunction seems to apply is that of the exceptions to sex-linked in- 
heritance which DoncasTER has found in Abraxas. The wild form of 
Abraxas is grossulariata. rare variety, lacticolor, characterized by 
smaller and paler markings, behaves as a recessive sex-linked character, 
as is shown by the cross of lacticolor male by grossulariata female, 
which gives lJacticolor daughters and grossulariata sons. This “criss- 
cross” inheritance, which is characteristic of sex-linkage, is here of a 
type which is the converse of that found in Drosophila, and is explained 
by assuming that in Abraxas the female is heterozygous as regards the 
sex-differentiator and sex-linked characters. For convenience in re- 
ferring to cases of the Abraxas type we may call the sex chromosome 
present in the homozygous sex, which in this sense corresponds to the 
X of Drosophila, a Z chromosome, while the chromosome corresponding 
in this sense to the Y of Drosophila may be called a W chromosome. 
The formulae are then: 

¢ == ZZ XX == 9 
Abraxas type corresponding to Drosophila type. 
3 == ZW XY =d 
DoncAsTER found in Abraxas that both the female and the male have 
56 chromosomes. 

Normally in Abraxas the sex-ratio is approximately 1? : 1¢, but in 

one exceptional line the equality of sexes is not the rule. In this strain 
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DONCASTER (1913, 1914a, b) found many females which gave only 
daughters and not a single son. Other females of this line gave many 
daughters but also a few sons, while still others gave practically a nor- 
mal I : I ratio. 

When Doncaster examined this line cytologically, he found that 
although the males were normal, with 56 chromosomes, the females were 
aberrant and had only 55 chromosomes. Even those females which 
gave I : I ratios had only 55 chromosomes. In the maturation of the 
eggs of such a 55 chromosome female, the odd chromosome went to 
one pole, so that one polar plate had 27 and the other 28 chromosomes. 
DoNCASTER found further that the odd chromosome went most often 
to the polar body, leaving a majority of the eggs after maturation with 


27 chromosomes."! 


After fertilization, the many eggs which eliminate 
the odd chromosome become individuals with 55 chromosomes, that is, 
females, while the few eggs which retain it become 36-chromosome indi- 
viduals, that is, males. The preponderance of females in the strain is 
thus explained. Such females, having only 55 chromosomes, would be 
of the type ZO. In females of normal strains there is a WW chromosome 
present, but since this \WW chromosome may be absent without effect 
upon the sex of the individual, it must be regarded as functionless in 
determining sex, and in this sense corresponds to the Y of Drosophila. 
This evidence proves that there is present in Abraxas that cytological 
basis which the evidence from sex-linkage demands, namely, a condi- 
tion the converse of that known in other groups of insects. 

The loss of a chromosome from this strain with 55 chromosomes in- 
stead of 56 can be readily accounted for by primary non-disjunction. 
Suppose that in the male the two Z chromosomes should both pass at 
the reduction division into one cell, leaving the other cell with no Z. 
The sperm produced from the latter cell, fertilizing a Z egg, would give 
rise to a ZO female. The same result could be reached if both Z and 
W should:pass out into the polar body of the egg and such an egg be 
fertilized by ordinary Z sperm, thereby producing a ZO female. The 
strain once established would continue automatically to give ZO females 
with 55 chromosomes and ZZ males with 56 chromosomes. 

If non-disjunction is the explanation of the origin of the 55-chromo- 
some female line, then we may expect to find other evidences of non- 


™ Recently Doncaster has published a short note (Nature, June 10, 1915) in which 
he states that a more extensive examination of the reduction divisions has failed to 
show that the 27 chromosome eggs are more numerous than the 28. This contradic- 
tion in the evidence detracts much from the value of the case as it now stands. 
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disjunction in Abraxas. At various times DoncAsTER has found genetic 
exceptions of the same character as are found in Drosophila, and in the 
case of some of his exceptions there can be small chance of error. 

There is also cytological evidence derived from the examination of a 
certain female that occurred in one of the same broods that gave ex- 
ceptions to sex-linked inheritance. This female had 56 chromosomes 
although she was from a strain of which the females normally have only 
55 chromosomes. The additional chromosome in this female can be 
accounted for on the supposition that her father had a supernumerary 
\W chromosome. Such a supernumerary could arise in a male through 
the fertilization of a W egg by a sperm which receives two Z chromo- 
somes by primary non-disjunction. Such a ZZW male would produce 
some sperm having both Z and W. A ZW sperm fertilizing an egg 
without a Z would produce a ZW female with 56 chromosomes, such as 
DoNCASTER found. In the same brood in which Doncaster found this 
56-chromosome female, he found two matroclinous daughters. These 
also can be readily accounted for in the following way. In the spermato- 
genesis of the ZZ\V father there would be formed some sperm having 
only W (corresponding to the Y eggs of Drosophila.) This W sperm 
fertilizing a Z egg of the ZO mother would give a ZW daughter which 
would have 56 chromosomes. But in this case the daughter would have 
received her Z chromosome from her mother, so that she should show 
the sex-linked character of the mother, that is, she should be a matro- 
clinous exception like the two Doncaster found in the brood. 

That non-disjunction occurs in the wild Abraxas is indicated by the 
discovery of a wild female with 55 chromosomes. This 55-chromosome 
female with the formula ZO is the converse of the ZZW male required 
in the explanation above. The following diagram illustrates the prob- 
able origin of the ZO female line and of the ZZW males, and also of 
the exceptions observed. 
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If non-disjunction is the correct explanation of the case just reviewed, 
then we may hope to obtain females and males with 57 chromosomes. 
When exceptions to sex-linked inheritance occur, then half the sons 
and daughters in the brood should have a supernumerary, if the excep- 
tions are due to secondary non-disjunction. If the exceptions are due 
to primary non-disjunction,—a much rarer phenomenon,—then only an 
occasional individual with the supernumerary should be found. The 
supernumerary would be only half as common in a cross in which the 
mother was herself without a W. The cross most favorable for ob- 
serving exceptions and for obtaining supernumeraries would be that of 
a lacticolor male by a wild grossulariata female. If an exceptional son 
should appear in this cross, he should give some exceptional sons like 
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himself and some matroclinous daughters, since he would be of the 
composition ZZ\V. Furthermore, half of his sons and daughters should 
have 57 chromosomes and half 56. 

The explanation which Doncaster has suggested for some of these 
exceptions depends upon the assumption that the Z chromosome has 
divided into two chromosomes, one of which bears the locus for lacticolor 
and the other of which bears the sex-differentiator. As far as the evi- 
dence enables us to decide, this hypothesis explains some features of the 
case as well as does non-disjunction. The notable exception which it 


does not seem to explain is the production of the 55-chromosome line. 


Paratettir 

In Paratettix, NaBours (1914) has reported a case of genetic excep- 
tion for which two alternative explanations have been offered (DEXTER 
1914). Napsours collected nine distinct true-breeding wild forms, of 
which eight form a system of multiple allelomorphs or a system of 
practically complete linkage, while the form melanothorax (G) is inde- 
pendent of the others in inheritance. In “The mechanism of Mendelian 
heredity’ reasons have been given for considering multiple allelomorph- 
ism the more probable explanation. This material is exceptionally favor- 
able in one respect—that the color-patterns studied are superimposed in 
the hybrids so that the zygotic constitution of any individual can be 
determined by simple inspection. 

In one of NaBours’s experiments, a BI female mated to a CE male, 
gave, as expected, equal numbers of the four classes BC, BE, CI, and 
EI, but gave in addition an exceptional individual of the constitution BIE. 

[f BI and E are members of a multiple allelomorph system, which is 
the most probable case, then in the egg which gave rise to this BIE indi- 
vidual, non-disjunction must have occurred whereby the B and I bearing 
chromosomes both remained in the egg. This BI egg fertilized by an 
E sperm from the CE father, would give the BIE individual. Such an 
individual should have three homologous chromosomes, and a total of 
one more than the number characteristic of the species. Genetically, 
also, the results should be very easy to test, for secondary non-disjunction 
should occur, wherefore half the offspring should be further triple forms 
of various constitutions. B and I should freely separate, for it is im- 
probable that there would be preferential synapsis between these. chro- 
mosomes which are not dissimilar, as they are in Drosophila in the case 
of XXY and XYY. On the other hand, if the case is one of linkage, 
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the BIE individual is explained as a crossover, and it should have no 
extra chromosome. In subsequent generations B and I should not 
freely separate but should remain coupled as strongly as they were re- 
pulsed before. It is to be hoped that another triplescharactered indi- 
vidual will be found, for genetic and cytological tests of it would be of 
exceptional interest. The study of non-disjunction of autosomes is 
extremely difficult in ordinary forms where the constitution of each 
individual must be found by laborious breeding tests, but in case the 
three chromosomes of the non-disjunctional individual each contain a 
different allelomorph of a multiple allelomorph series, and this triple 
form is distinguishable, then such a study should be easy. 


Oenothera lata and Oe. semilata 


A case of autosomal non-disjunction which has been thoroughly 
studied is that of Oenothera lata and Oe. semilata (LUTz 1912, GATEs and 
Tuomas 1914). The cytological and breeding work have shown that 
these forms are due to the possession of an extra chromosome, that is, 
one of the autosomes is triploid. Lata and semilata occasionally arise 
directly from Oe. Lamarckiana, and the explanation is found in the fact 
that occasionally in the gametogenesis of Lamarckiana a pair of synapsed 
chromosomes fail to disjoin and pass to the same pole (primary non- 
disjunction). The fact that the possession of three autosomes of one 
kind makes the individual visibly different from Lamarckiana is of great 
convenience in studying non-disjunction, for the offspring which possess 
a triploid chromosome do not have to be tested, as in the case of Dro- 
sophila, but can be readily distinguished as Jata or semilata. Secondary 
non-disjunction occurs in the Jata; at reduction the free chromosome 
passes to one pole or the other so that half the gametesare aa and half 
are a. This is not strictly true, for very often the free autosome lags 
upon the spindle and so fails to be included in either nucleus. A Jata 
individual thus produces less than the expected percent of aa gametes. 
This is strictly paralleled by the result of crossing lata (aaa) to La- 
marckiana (aa), for where this cross is expected to give half /ata and 
half Lamarckiana, it rarely gives as many as half the plants Jata. 


Pigeons 


Exceptions to the inheritance of the blond and the dark types of 
pigeons have been explained as partial sex-linkage (BRIDGES 19134), 
but non-disjunction offers an alternative explanation which seems more 
plausible. 
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Canaries 
Exceptions to sex-linkage in the inheritance of pink versus black eye- 
colors have been reported (DuRHAM and Marryatt 1908). These ex- 
ceptions are explainable by non-disjunction or by partial sex-linkage. 


Fowls 
BATESON and PUNNETT (1911) reported several exceptions in the in- 
heritance of pigmentation of the silky fowl, which may be due to 
non-disjunction. 


Aglia tau and A. lugens 

STURTEVANT (1912) interpreted as partial sex-linkage the ratios ob- 
served by STANDFUSs (1896) in breeding Aglia taw and its variety 
lugens. This explanation seems to fit the data empirically and it is diffi- 
cult to explain the results as due to non-disjunction. More recent data by 
STANDFUss (1910) throw some doubt on this case. Similar results have 
been obtained occasionally in Drosophila, but have never been capable of 
repetition and are probably due to irregularities of viability caused by 
unfavorable culture-conditions. The hypothesis of partial sex-linkage 
has met a serious difficulty in the fact that in Drosophila and in the 
silk worm moth there is no crossing over in the heterozygous sex. 


Cats 
Apparent exceptions to sex-linkage in cats have been explained satis- 
factorily by WHITING (1915) without recourse to partial sex-linkage or 
to non-disjunction. \WuuItTinG offers evidence which shows that there 
are extension and restriction factors for yellow and black so that the 
apparent exceptions are simply modified classes which are expected. 


Metapodius 

WiLson (1907, 1909, 1910) found that in Metapodius the number of 
Y chromosomes varied from zero to six, and he offered the explanation 
that the origin of the variation was in an aberrant reduction division in 
which both sex chromosomes entered the same gamete. WILSON actu- 
ally observed three reduction divisions in which X followed Y'to one 
pole. This constitutes primary non-disjunction. The subsequent piling 
up of Y’s was due to secondary non-disjunction. WILSON (1910) ex- 
plained the mmm individual of Metapodius in the same fashion, by assum- 
ing the formation of an mm gamete. 








| 
| 
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Banasa 


In Banasa calva WiLson (1907) found that the Y chromosome may be 
present or absent. 


Diabrotica 
STEVENS (1908 b, 1912 a) described in Diabrotica soror and D. vittata 
a variation in the number of Y’s from one, the normal number, to five 
supernumeraries, or six Y’s in all. 


Ceuthophilus 
A like variation was described by STEVENS (1912 b) in Ceuthophilus, 
where the number of supernumerary Y’s was three. 
These cases in Metapodius, Banasa, Diabrotica, and Ceuthophilus are 
cytologically of the same kind as that in Drosophila. 


Ascaris 
Miss BorinG (1909) found in Ascaris a small extra chromosome 
which was interpreted as the X, which ordinarily is attached to the end 
of an autosome. S. FroLowa (1912) found cases in Ascaris in which 
two of these X’s seemed to be attached to the same autosome. These 
two X’s would be carried into the same gamete and should give results 
comparable to non-disjunction. 


[V 
SUMMARY AND CONCLUSIONS 


Evidence has been presented which proves that the occasional (1 in 
1700) matroclinous daughter or patroclinous son produced by females 
known to be XX in composition is due to primary non-disjunction, that 
is, the X’s fail to disjoin and are both included in the egg or both ex- 
truded to the polar cell. 

The fertilization of the zero egg by an X sperm of a normal male 
results in a patroclinous XO son. He is entirely unaltered in somatic 
appearance, both as to sex-linked characters and as to sexual characters, 
but he is absolutely sterile. This difference between XO and XY 
males proves that the Y has some normal function in Drosophila. 

The fertilization of an XX egg by a Y sperm of a normal male gives 
rise to a matroclinous daughter of the constitution XXY. The consti- 
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tution of a matroclinous female as XXY has been proved by direct cyto- 
logical examination and by conclusive genetic tests. 

Matroclinous females always produce further exceptions which we 
may call secondary, to the extent of 4.3 percent. The cause of this 
production is the fact that the presence of the extra Y forces both X’s 
to enter the same cell in a certain percent of reductions. 

In an XXY female the sex chromosomes do not synapse as a triad, 
but two synapse, leaving the third unsynapsed. Synapses are not at 
random, but are highly preferential; in 16.5 percent of cases Y synapses 
with one or the other -X (heterosynapsis) and the remaining X is un- 
synapsed ; in 83.5 percent of cases synapsis is between X and X (homo- 
synapsis) and the Y is unsynapsed. 

At the reduction division the two synapsed chromosomes disjoin and 
pass to opposite poles. The free chromosome goes with one or the other 
at random. 

Reductions are not preferential ; the polar spindle delivers two chromo- 
somes to the polar cell as often as to the egg. 

After XX synapsis the amount of crossing over is slightly increased 
(13.5 percent) in some manner by the presence of the extra Y. 

After XY synapsis there is no crossing’ over—either between the X 
and Y or between the synapsed X and the free X. 

After XY synapses the eggs are XX and Y, and X and XY. These 
four classes of eggs are in equal numbers and are non-crossovers. 

The XX eggs by Y sperm give matroclinous daughters which are 
exact reproductions of the mother in all respects. 

The Y eggs by X sperm give patroclinous sons which can give non- 
disjunctional effects neither in F, nor in Fy. 

The X and XY eggs from XY synapses are indistinguishable from the 
non-crossover classes of the X and XY eggs which are from XX synap- 
ses. Asa result the linkage values must be corrected. 

The XY egg by X sperm gives an XXY regular daughter which 
nevertheless gives 4.3 percent of secondary exceptions by virtue of the 
extra Y. 

YO, YY, and XXX zygotes are unable to live. 

The XY egg by Y sperm gives XYY males. These males produce no 
exceptions in F, but produce XY sperm which, fertilizing X eggs, give 
rise to XXY daughters, and these produce secondary exceptions. 

Synapses in an XYY male are probably at random. 


The source of chromosomes, whether maternal or paternal, is without 


effect upon their subsequent behavior at synapsis and reduction. 
The predominant type of non-disjunction has been shown to be pre- 
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ceded by XY synapsis and to take place at the reduction division. A 
rare type of non-disjunction takes place at an equational division. Equa- 
tional non-disjunction is apparently always preceded by XX _ synapsis 
and crossing over. Equational non-disjunction offers the possibility of 
determining whether crossing over in Drosophila takes place by the 
chiasmatype (four strand stage) method or at a two strand stage. 

Somatic non-disjunction explains the occurrence of gynandromorphs 
and mosaics in Drosophila. 

Unusually high percentages of exceptions occur and are irregularly 
inherited. It is suggested that the cause of the high non-disjunction is 
a mutation in the Y chromosome. 

The occurrence of non-disjunction in Abraxas is shown both by cyto- 
logical and by breeding tests. Various other forms, namely, canaries, 
fowls, pigeons, and the moth, 4 glia tau, show exceptions to sex-linkage 
which may be explained as due to non-disjunction. 

In Oenothera lata, autosomal non-disjunction has been studied. <A 
single tri-allelomorphic individual in Paratettix may be due to autosomal 
non-disjunction. 

The occurrence of supernumerary Y chromosomes and of triploid or 
multiple chromosomes in various forms can likewise be explained as 
the result of non-disjunction. 

The genetic and cytological evidence in the case of non-disjunction 
leaves no escape from the conclusion that the X chromosomes are the 
carriers of the genes for the sex-linked characters. The distribution of 
sex-linked genes (as tested by experimental breeding methods) has been 
demonstrated to be identical, through all the details of a unique process, 
with the distribution of the X chromosomes (as tested by direct cyto- 
logical examination). The argument that the cell as a whole possesses 
the tendency to develop certain characters is completely nullified by the 
fact that in these cases the cells that produce exceptions are of exactly 
the same parentage as those which do not produce exceptions, the only 
difference being the parentage of a particular chromosome, the X. Those 
eggs which have lost nothing but the X chromosome have completely 
lost therewith the ability to produce any of the maternal sex-linked char- 
acters, and with the introduction of an X from the father these eggs 
have developed all of the sex-linked characters of the father. Con- 
‘versely, those eggs which have retained both X’s of the mother and 
have received no X from the father show all of the sex-linked characters 
of the mother and none from the father. The breach which GREGORY 
found in his case of the tetraploid Primula, namely, that the doubling of 
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the genes is only an expression of the doubleness of the cell-as-a-whole, 
becomes in this case the strongest bulwark; for here the cell as a whole 
remains constant and the issue is restricted to particular chromosomes 
and a particular class of genes. 

Experimental proof is given that particular chromosomes, the X 
chromosomes, are the differentiators of sex; the X chromosome consti- 
tution of an individual is the cause of the development by that individual 
of a particular sex, and is not the result of sex already determined by 
some other agent. The sex is not determined in the egg or the sperm as 


such, but is determined at the moment of fertilization; for the X sperm 


yf a male gives rise to a female when it fertilizes an egg containing an 
\, but to a male if it fertilizes an egg containing a Y or no sex chromo- 


oz 
some at all. Likewise the Y sperm of a male gives rise to a female 
when fertilizing an NX egg and to a male when fertilizing an X egg. 
These facts in connection with the fact that an X egg of a female pro- 
duces a male if fertilized by an X sperm prove that the segregation of 
the X chromosomes is the segregation of the sex-differentiators. The 
presence of two X chromosomes determines that an individual shall be 
a female, the presence of one X that the individual shall be a male. The 


origin of these chromosomes whether maternal or paternal is without 


significance in the production of sex 
The Y chromosome is without effect upon the sex or the characters 


of the individual, for males may have one Y, two Y’s, or may lack Y 


entirely (males lacking Y are sterile) : and females mav have one or two 


supernumerary Y’s with no change in appearance in any case. 
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As various writers have pointed out, all Mendelizing characters prob- 
ably are due to the interaction of several genes, and presumably every 
gene may exhibit several somatic effects, yet no one doubts that the 
Mendelian notation describes the inheritance of such things as color 
accurately and concisely. It is strange, therefore, that some geneticists 
still refuse to believe that the inheritance of size characters can be de- 
scribed in the same way, without further assumptions. 

Various reasons are assigned for this disbelief. 

It is held that one should not assume the absence of dominance, as 
has been done by those who have investigated size characters. But as 
a matter of fact, absolute dominance is rare. A heterozygous gene very 
seldom produces an effect identical with that of homozygous genes. 
Full dominance is the extreme, the limiting condition, not the common 
condition. Even with such simple and possibly superficial characters as 
colors, careful examination usually shows incomplete dominance. 

A further misconception of the phenomenon of dominance is the ob- 
jection to the assumption of genes having cumulative effects. As stated 
in the first sentence, most Mendelizing characters have been shown to 
be due to the interaction of several traceable factors, in addition to an 
ever present factorial residue of which nothing is known. This unex- 
plored ground may be reduced in its extent by new mutations affecting 
the character in question, but proof can never be offered that it has been 
entirely eliminated. For the same reasons it follows that one should not 
assume that the simplicity of the known facts proves actual simplicity in 
the hereditary transmission of any character. This complexity in the 
germinal basis of characters, is, of course, general proof of the cumula- 
tion effect of genes, but in addition a specific case has recently been found 
in maize (Hayes and East, 1915). When reciprocal crosses of “floury”’ 
and “flinty” maize races are made, the maternal endosperm character is 
dominant. This dominance has been proved to be due to the fact that the 
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endosperm is produced by the union of two maternal and one paternal 
nuclei. Thus two genes of either kind dominate the effect of one. 

The only other criticisms worthy of notice are directed against as- 
sumptions of gametic purity and of factorial constancy. As criticisms 
of the Mendelian interpretation of quantitative characters they come 
no nearer the mark, for they apply to Mendelism as a whole.* 

The true reason for objecting to the theory, therefore, seems to be— 
as is often the case—that those who disapprove of it have not given it 
sufficient study to be convinced that any real evidence in its favor can be 
cited. For example, CASTLE (1914) says: 

“When races are crossed that differ widely in size, the first filial (F,) 
generation is intermediate between the parents and often not more variable 
than one of the parent races. But the second filial (F.) generation, though 
still intermediate, commonly shows increased variability, the range of which 
may even extend into or include the size range of one or both parent races. 
This increased variability of the F, generation is the only evidence of 
Mendelism in size crosses.” 

With this view I cannot agree. It is true that one may not expect 
dimorphic phenotypes in simple ratios in the F., generation. Somatic 
appearance is not so highly correlated with genetic constitution that defi- 
nite ratios always appear when characters like color are studied. Even 
in such cases one must prove the classification of the phenotypes by 
further breeding. By carefully studying what actually occurs in simple 
and obvious Mendelian phenomena, however, the mathematical require- 
ments where size characters are involved can be worked out. If these 
requirements are independent,—i.e., if they are not restatements of the 
same conditions,—and if the breeding facts meet them fairly and 
squarely, the case is good. 

At least eight such requirements, most of which are independent 
mathematically, should be met by the pedigree-culture data when all 
populations succeeding the original cross are obtained by self-fertili- 
zation. 

1. Crosses between individuals belonging to races which from long- 
continued self-fertilization or other close inbreeding approach a homozy- 
gous condition, should give F, populations comparable to the parental 
races in uniformity. 

2. In all cases where the parent individuals may reasonably be pre- 
sumed to approach complete homozygosis, F. frequency distributions 
arising from extreme variants of the F, population, should be practically 

1The question of the validity of these criticisms when directed against the entire 
Mendelian theory, is not under discussion. 
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identical, since in this case all F, variation should be due to external 
conditions. 

3. The variability of the F, population from such crosses should be 
much greater than that of the F, population. 

4. When a sufficient number of F. individuals are available, the 
grandparental types should be ‘recovered. 

5. In certain cases individuals should be produced in F, that show 
a more extreme deviation than is found in the frequency distribution of 








Figure 1. At left, young plant of Nicotiana longiflora var. (383); at right, young 


plant of N. longiflora (330). 


either grandparent. This phenomenon was predicted by the writer 
(East, 1910) as an expected result of Mendelian recombination before 
actual cases had been discovered. 

6. Individuals from various points on the frequency curve of an F, 
population, should give F., populations differing markedly in their modes 
and means. 
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7. Individuals either from the same or from different points on the 
frequency curve of an F, population should give F; populations of 
diverse variabilities extending from that of the original parents to that 
of the F, generation. 

8. In generations succeeding the F,, the variability of any family 
may be less but never greater than the variability of the population from 
which it came. 


Not all of these eight conditions are met by the data to be presented 





Ficure 2. Average flowers of parents with an average flower of the F, generation 
(383 X 330) in the center. 


in this paper, but all of them have been met many times in the course of 
other experiments, and not one fact has been discovered directly op- 
posed to them. 
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The data to be considered here were obtained. by measuring the 
length of the corolla in a cross between: two varieties of Nicotiana 
longiflora Cav. The seed of No. 330, which is probably the type, was 
obtained from Prof. W. A. SETCHELL (see SETCHELL IQ12, pp. 21-22). 
The seed of No. 383 was received from the INstiruto SPERIMENTALE 
PER LE CULTIVAZIONI DEI TABACCHI at Scafati, Italy, through the kind- 
ness of Dr. A. SPLENDORE. It was known there as N. plumbaginifolia 
Viv., but seems to be merely a small variety of N. longiflora. 

Each corolla length recorded is expected to represent the phenotype 
of a single plant. The method of recording them and the accuracy that 





Ficure 3. Average flowers of parents at A (330) and D (383); extreme segregates of 
the F, generation at B and C. 
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may be expected of the method have been discussed in another paper 
(East 1916). 

Both of the varieties used as parents may reasonably be supposed to 
be homozygous in most of their characters for they are generally self- 
pollinated naturally. Whether either or both of them had been self- 
pollinated artificially before 1 obtained them is not known, but they had 
been self-pollinated for two generations after I received them before 
the cross was made. The crosses and the succeeding selfings gave full 
capsules, and the germination of the seeds was almost perfect. 

As shown by the tables, if the frequency distributions of the pure 
varieties for 1913 are excluded on account of the small number of plants 
grown, the average mean of No. 383 is 40.54 mm and of No. 330, 93.30 
mm. The species has corollas over twice the length of the variety. The 
average of both parents is 66.91 mm, and since the mean length of the 
I, generation is 63.53 mm, it is clear that the vigor induced by heterozy- 
gosity, which was fairly well marked in the vegetative characters, had no 
etfect on the flowers. This fact is in keeping with previous observations, 
since it has been shown that corolla length is very slightly influenced by 
external conditions, and that heterozygosity effects a result comparable to 
favorable external conditions. 


The variability of the I’, population appears to be exactly the mean 
of variety No. 383 (the more variable parent) for the two years IgII 
and 1912, though considerably higher than the variability of variety No. 
330 for the same period. Theoretically one ought to expect this only 
when both parental varieties are completely homozygous, therefore the 
data might be supposed to show such a condition. But, while the two 
varieties used here probably approach a homozygous condition, the 
similarity of the two constants obtained is possibly more apparent than 
real. The measurements have been thrown into three-millimeter classes 
for convenience, but these classes are manifestly too large for small flow- 
ers like those of No. 383. If one-millimeter classes are used there is less 
distortion of the figures and the percentage variability is smaller. For 
this reason I believe that it is fair to conclude that the variability of the 
I*, population is slightly larger than that of either parent. The proponents 
of the Mendelian theory may maintain that this merely shows a slight 
degree of heterozygosity in the parents, therefore, while its opponents 
may see in the results indication of a slight increase in variability due to 
the cross itself. No one can object to this view when considered apart 
from other facts, but it should be pointed out that the difference to be 
accounted for is very small in either case. 
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TABLE 2 


Statistica! constants of the frequency distributions shown in table 1. 


Designation Ne Mean oe D. ; C. V. 

Ind in mm in percent 
No. 383—1011 125 40.46+.11 1.75+.07 4.33+.18 
No. 383—1912 49 40.61+.109 2.00+.14 4.92+.34 
No. 383—1913 39.76.12 I.09+.09 2.7424.21 
No. 330—I0QI1 88 93.22+.16 2.29+.12 2.464.13 
No. 330—10912 57 03.37.20 2.23+.14 2.3924.15 
No. 330—1913 { Q2.12+.37 2.70+.26 2.903+.30 
No. (330 X 383) I 63.53 15 g2+.I1! 4.60+.17 
No. (330 X 383) —1 I 67.51+%.27 5-91+.19 5.75.20 
No. (330 X 383) -2 I 69.78+.30 6.79+.21 9.73+.30 
No. (330 X 383) 1-1 I 73.144.20 3.824.114 5.22+.19 
No. (330 X 383) 1-2 | 53.474.21 3.74 Is 6.909+.28 
No. (330 X 383) 1 I 0.20+.1 I7+.12 6.31+4.25 
No. (330 X 383) 1-4 I 56.344.21 4.07+.15 7.224.260 
No. (330 X 383) 2-1 I I 73.04+.27 5.00+.19 6.85+.26 
No. (330 X 383) 2-3 I 76.34+.29 5.06+.20 6.63+.26 
No. (330 X 383) 2-4 I 166 74.01I+.25 4.85+.18 6.55+.24 
No. (330 X 383) 2-5 EF 6 52.907+.16 3.04+.11 5-74.22 
No. (330 X 383) 2-6 F 16 80.204 .25 4.76+.18 5.93.22 
No. (330 X 383) 1-2-1 F, 184 45.71+.12 2.37+.08 5.18+.18 
No. (33¢ X 383) 1-3-1 F, 46.25+.09 1.87+.06 4.04.14 
No. (330 X 383) 2-6-1 F, I §2.25+.16 3.30+.11 4.O0I+.14 
No. (330 X 383) 2-6-2 F, 164 82.86+.31 5.83+4.22 7-04+.26 
No. (330 X 383) 1-3-1-1  F 161 $1.98+.12 2.30+.09 5.49+.21 
No. (330 X 383) 2-6-2-1 F 87.884 .33 5.52+.24 6.28+4.27 

Ikxamination of the I, frequencies shows that only one individual 


reaches the lower size limit of No. 330 and that no individual comes 
within two classes of the upper size limit of No. 383. Viewed from this 
standpoint the results are less in accord with Mendelian theory than any 
of those obtained in the numerous size studies I have made. At the 
same time, one may say that this is because the numbers are too small 
to expect an exact duplication of the grandparents in a species which 
in all probability has 24 chromosomes in its germ-cells and in which 
grandparental duplication should be expected only once in 265 million 
millions of F, individuals. The difficulty here would be not to account 
for the non-appearance of the grandparental sizes in F., populations of 
about 200 individuals, but to conceive how extremes differing by 36 
millimeters had arisen. One appears to have but a single alternative: 
either the differences between types that give fertile , generations are 
due to relatively few factors, the remaining germ-plasm being identical, 
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or the extremes recovered are not like the grandparents but merely re- 
semble them. 

From another standpoint the variability of the F, and the F, gener- 
ations is very different. Theoretically if recombination is possible, the 
number of classes between the extremes varies directly with the square 
root of the number of individuals involved. The coefficients of vari- 
ability of the two populations, however, should not change with larger 
numbers except as regards the confidence to be placed in the calculated 
constants. The coefficient of variability of the F, generation is 4.60 
+.17 percent and the coefficients of variability of the two F, populations 
grown are 8.75 +.29 percent and 9.73 +.30 percent, respectively. Thus 


the average variability in F. is just double that of the F, generation. 











— 
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Figure 4. Average flower of No. 383 (A) compared with modal condition (C), and 
with an extreme (B), of F, family (383 X 330) 1-3; and, ditto No. 330 (F) 
compared with modal condition (D), and with an extreme (E), of F; family 
(383 X 330) 2-6. 











SIZE INHERITANCE IN NICOTIANA 


173 
One can scarcely appreciate the significance of this immense difference 
until he recalls that the difference between the means of the pure varieties 
and the mean of the F, generation is only about four times the standard 
deviation of the latter, while the difference between the means of the 
varieties and the mean of the F, generation is about nine times its 
standard deviation. 

Let us now examine the means of the populations that have resulted 
from selfing selected individuals of the F,, F; and F, generations. Whether 
one can isolate rapidly lines with markedly different mean values after 
a blend such as occurred in the F, generation is a question of consider- 
able practicable importance. Nine F, populations were grown. The ex- 
treme parental types from which they were grown were 46 mm and 


82 mm, a difference of 36 mm. The greatest mean difference between 


the F; populations was 30 mm, although it happened that the difference 
between the parents that produced these two lines was only 32 mm. 

From the F; generation two “short corolla” and two “long corolla” 
lines were grown. In this generation it was possible to select extremes 
a little farther apart, 43 mm to be exact. The difference between the 
means of the most extreme resulting populations was 37 mm. 

Only two F; populations were grown, one from a plant with flowers 
41 mm long and the other from a plant with flowers 90 mm long. The 
families to which they gave rise had means of 42 and 88 mm in round 
numbers. Thus a relatively small number of selections has given a type 
averaging but two millimeters longer than the smaller parent, and a 
type averaging less than five millimeters under that of the larger parent. 
To attain these ends only twelve families from extreme parents were 
grown. It is impossible'to say just how many selections of F, indi- 
viduals would have had to have been made to reach the same goal on 
the recombination theory, but one can estimate the probability of the 
occurrence of individuals of the desired size in F, from which to select. 
Consider the F, generation in which the standard deviation is 6.79 mm. 
Assuming this distribution to be normal the expected frequency beyond 
the distance from its mean represented by one-half the mean of No. 330 
minus mean of No. 383 is .o619 percent. In other words, one might 
expect an F, individual with the size of the modal class of either grand- 
parental variety about once in every 1600 plants. 

These facts indicate clearly the proper procedure of the plant breeders 
in such cases, as has already been brought out by Emerson and East 
(1913). If itis technically possible to grow an F, large enough to be 
reasonably certain of obtaining several individuals with the desired com- 
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bination, the breeder is tolerably sure of success. But the numbers are 
often prohibitive in practice, and at the best the work involved is great. 
On the other hand, though success is not so certain because the plants 
with the gametic possibilities desired may be dropped out at any point, 
selection continued for several generations gives a high probability of 
success with comparatively little work. 

A study of these means with reference to their bearing on GALTON’s 
Law of Regression is also interesting. 

In thirteen out of the fifteen fraternities descended from the two F, 
populations there was regression towards the mean of the fraternity 
from which the parent came; these two individuals, however, produced 
populations with means further removed from the means of the parental 
population than were the parent individuals themselves. Further, the 
deviations of the parents from the mean of their fraternity show no 
correlation with the deviation of the mean of the progeny from the 
parental value. In other words, in selfed lines of this kind an ex- 
treme variant is almost as likely to produce a type like itself as is a 
slight variant. This is to be expected with the hypothesis of plural 
segregating factors but not with the old Galtonian hypothesis in which 
somatic resemblance is the sole measure of heredity. Our observation 
is not new since Galtonian regression in the original sense is now en- 
tirely discredited, but our data illustrate the point. 

The remaining arguments are based upon the variabilities of the 
fifteen fraternities whose means have just been considered. 

In the first place, it is essential that one should know whether he may 
expect to obtain fraternities that breed as true as the parental varieties 
at once, after long continued selection, or not at all. These data do not 
show fraternities comparable to either parent variety in variability among 
the nine F, families, but out of the four F, families two show as narrow 
a variability as No. 383. 

A more important question, however, is that of continuous reduction 
of the coefficient of variability due to the automatic tendency toward com- 
plete homozygosis produced by: continued self-fertilization. Theoreti- 
cally, a fraternity produced by self-fertilization may be as variable as 
the fraternity from which its parent came, but it can never be more 
variable, provided breaks in any linkage between characters are equally 
probable in both cases. Of course when dealing with small populations 
one should not place too much confidence in the probable error calcu- 
lated for any particular biometrical constant. If one could be certain 
that the calculated coefficient of variation represented the true values in 
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TABLE 3 


The pedigrees of the families and their coefficients of variation. 








F, F; F, F, 

r | 
| 5.22+.19 
| 6.99+.28 5.18+.18 

8.75+.29 ) 
6.314.25 4.04+.14 5-49 +.27 
| 7.22+.26 
( 6.85+.26 
| 6.63.26 

9-73.30 oe 
5:74.22 
i {4.01%.14 
depuis \ 7-04 +.26 6.28+.27 














a series of populations of this kind a single coefficient of variation higher 
than that of the preceding generation would be a critical failure of the 
theory of plural Mendelian determiners to meet the breeding facts. In 
small populations from one hundred to three hundred, however, the 
matter can only be tested by induction from a large number of experi- 
ments. Table 3 is a contribution toward this end. Among the fifteen 
families reported there are two exceptions to the rule which are noted 
by bold-faced type. The remainder of the families all show lower vari- 
abilities than the families from which they came. 

Considering these data apart from other known facts, one may say 
that the evidence tends.to justify the use of plural segregating factors 
in interpretating size inheritance, nevertheless the writer believes that 
dogmatic conclusions on such a broad question should not be drawn 
from a single set of experiments. Only when the numerous size studies 
of such investigators as BELLING, CASTLE, DAVENPORT, EAST, EMERSON, 
Hayes, HErIBERT-NILsson, Kayanus, MacDoweE Lt, NILsson-EHLE, 
PEARL, PHILLIPS, PUNNETT, SHULL, TAMMES, and TSCHERMAK are 
considered together, is it possible to make a reasonable judgment of the 
mechanism by which such characters are transmitted. The volume of 
this work is large and the data reported, without exception, can be in- 
terpreted as Mendelian. Furthermore, such an interpretation is not 
merely formal, as some writers have stated, but is as genuinely helpful 
to the breeder as is any Mendelian data. 

In view of these facts many biologists may question the desirability 
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of increasing the literature by papers of the same type. They may hold 
with considerable justice that the case has been proven. At the same 
time, though one may not question the value of any of these investiga- 
tions, it must be admitted that the nraterial used in most of them is 
undesirable for a critical test of the theory involved. In all of the 
zoological researches, bisexuality introduces a constant error into the 
results. Many of the races of plants involved were markedly heterozy- 
gous. The difficulty of drawing just conclusions from the botanical in- 
vestigations was also increased by the use of characters affected strongly 
by environmental differences. For these reasons, I hope to report the 
results of several other studies of this kind in which the constant errors 
are reduced to a minimum, believing that the theory must be proven or 
disproven under such critical conditions. If with such material the Men- 
delian notation is justified—as I believe is true when one considers the 
work of BELLING, Emerson, Hayes and myself on plants naturally self- 
fertilized—then it will be impossible to criticize its use in those experi- 
ments where some allowance must be made on account of the peculiarities 
of the material involved. 
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The object of this paper is to present data bearing upon the nature of 
the changes in particular cells and tissues which follow mutative changes 
in the germ-plasm. Thanks to the cytological investigations of GaTEs, 
Lutz, GEERTS and Stomps,” we are beginning to correlate certain muta- 
tions with definite modifications in the nuclear mechanism, of which one 
of the simplest is the doubling of the chromosome number. In Oeno- 
thera there are three species, Oc. Lamarckiana, Oe. stenomeres, and 
Oe. pratincola, which have undergone such a modification, resulting in 
the mutations which are named gigas. The original 4 x mutation from 
Oe. Lamarckiana, namely Oe. gigas de Vries, has been examined histo- 
logically by GATEs (1909), who found that its nuclei were twice as 
large as those of the parent species. The ratios representing the relative 
volume of certain homologous cells of the two forms were roughly 1: 1.5 
for the tapetum and pollen mother cells, 1:2 for the petal epidermis, 
1: 3 for the stigma cells, and 1: 3.75 for the cells of the anther walls. 
Not only was the increase in cell volume of different tissues far from 
uniform, but even in a single tissue the increase of the cells in one 
dimension was out of proportion to the increase in other dimensions, 
The pollen grains of Ocnothera gigas have four germination points, and 
are therefore quadrangular, whereas those of Oe. Lamarckiana have 
three and are triangular. As Gares says, it is clear that Oe. gigas is 
built of larger cells than those of Oe. Lamarckiana, and that in some 
cases the cells have a different shape. 

Since this interesting line of inquiry has not been followed up since 


* Papers from the Department of Botany of the University of Michigan, No. 152. 
Based in part upon work done at the Bureau of Plant Industry, U. S. Department of 
Agriculture, and published by permission of the Secretary of Agriculture. 

? Literature summarized by Gates “The mutation factor in evolution, with particular 
reference to Oenothera.” London: Macmillan and Co. 1915. 
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the publication of GATEs’s paper, the authors have undertaken a thorough 
anatomical comparison of Oe. stenomeres and its 4x mutation gigas. 
This paper deals only with the wood anatomy. The vascular bundles of 
the higher plants are ordinarily considered to be the most conservative 
structures of the organism, from an evolutionary standpoint, and since 
statistical comparisons of the wood elements are being rather largely 
used as a basis for determining relationships among woody plants, a 
quantitative study of the changes which may come about as the result 
of a single mutation should be of timely interest to the comparative 
morphologist and paleontologist. Furthermore, the data should eventu- 
ally have a bearing on the problem of determining whether or not the 
mutation has characters of organization which are not a necessary con- 
sequence of the modifications of the individual cells of which it is built. 

The species and mutation which provided the material for our work 
were recently described by BARTLETT (1914, 1915). The mutation ap- 
peared in a culture of Oe. stenomeres which had been self-pollinated for 
three generations. It has been carried through two generations, by self- 
pollination, since that time. Typical Ov. stenomeres, belonging to the 
same progeny as the original mutation, has likewise been maintained in 
the cultures by self-pollination. The pedigree is summarized as follows: 


F, (typica) ——F,——F 


6 


Piniella pon, 





P ( gigas) 


Fp ¥, 


In 1915 plants of the I, generation of Oc. stenomeres were grown side 
by side with the F., generation of mut. gigas. Adjoining plants, in a 
comparable stage of development, provided the wood for our studies. 
It was taken from both plants at the base of the main stem just above 
the circle of branches which spring from the axils of the upper rosette 
leaves, and is therefore strictly comparable in the two cases. 

The secondary wood in both Oe. stenomeres and its mut. gigas is com- 
posed of similar elements, similarly arranged, with the exception that 
in the former the medullary rays are very much taller. It is very simple 
in structure, the intraxylar islands of phloem, described by GrossE 
(1895) and RAMALEY (1896) in related species, being entirely absent. 
Vessels occurring singly or in groups; if single, oval in cross-section 
with the long axis radial; if in groups, polygonal in cross-section; the 
groups disposed in a radial direction. Walls densely pitted, end walls 
porous. Tracheids (wood fibres) arranged with marked regularity in 
radial rows, rather square in cross-section. Wood parenchyma mod- 
erately abundant, distributed throughout the year’s growth, most con- 
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spicuous and best developed around the vessels. Medullary rays typi- 
cally uniseriate, very numerous, seldom separated from each other by 
more than five or six rows of tracheids, composed of rectangular, radi- 
ally elongated cells. The secondary rays arise at various distances from 
the pith. 

In macerated wood of each of the two forms measurements were 
made of the length and diameter of 100 vessels. The 100 lengths gave 
a mean value of 0.30 mm in the case of Oe. stenomeres and 0.46 mm in 
the case of mut. gigas. In table 1 the lengths are classified, showing 
that the mean length in each case is likewise the length of greatest 
frequency, or very nearly so. Thus it appears that the vessels of the 
mutation are fully 50 percent longer than those of the parent species. 
In table 2 the diameters are similarly classified. The mean values are 
056 mm for Oe. stenomeres and .o89 mm for mut. gigas, an increase of 
59 percent. This means an increase for the mut. gigas over the parent 
species of 152 percent in area of cross-section of the vessels. 

TABLE I 
Vessel lengths of Oe. stenomeres and its mut. gigas. 


Number of vessels 


mut. gigas 





Length in mm : : 

Ve. stenomecres | 

) | 
} 
| 








10—.19 5 

.20—.23 12 I 
.24—.27 2 5 
.28—.31 18 3 
32—.35 19 9 
.36—.39 16 | 12 
.40—.43 I | 14 
14—.47 r 15 
48—.51 3 13 
32—.55 12 
36—.590 5 
6o0—.63 4 
.64—.67 4 
68—.7 1 I 

72—75 2 
.76—.79 

So—.83 I 


As in the case of the vessels, the length and diameter of 100 tracheids 
of each kind of wood were measured. The results are given in tables 
3and4 The mean lengths were 0.42 mm and 0.64 mm, for parent species 
and mutation, respectively; the mean widths were 0.020 mm and 0.029 
mm. In each case, just as we found for the length of the vessels, the 
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Diameter in mm 


.020—.029 

030—.039 
.040—.049 
.050—.059 
,060—.069 
.070—.079 
.080—.089 
.090—.099 
.100—.109 
-II0—.119 
.120—.129 
.130—.139 
.140—.149 
.150—.159 
.100—.1090 
.170—.179 


Length in mm 


.24—.27 

.28—.31 

32—.35 

.36—.39 
-40—.43 
-44—.47 
.48—.51 

52—.55 
.56—.59 
.60—.63 
.64—.67 
68—.71 
72—.75 
.76—.79 
80—.83 
84—.87 
88—.91 
.92—.95 


.95—.990 
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TABLE 2 





Oe. stenomeres 


TABLE 3 


Diameter of the vessels in Oc. stenomeres and its mut. gigas. 


Number of vessels 
o 


mut. gigas 


NbN 


un 


oe eS oO 


I 


dimension was almost exactly 50 percent greater im the mutation than 
in the parent form. If we calculate the volume of the tracheids either 
as cylinders or as quadrangular prisms the relative volume of the cells 
of parent form and mutation is almost precisely 1: 3. 


Tracheid lengths of Oe. stenomeres and its mut. gigas. 





Number of tracheids 


Oe. stenomeres 


4 
9 
9 

19 

22 

II 


mut. gigas 
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Tracheid width of Oe. stenomeres and its mut. gigas. 


Number of tracheids 
Width in mm =, eee ed <3 


Oe. stenomeres mut. gigas 

.012—.015 4 

O16—.019 41 

.020—.023 41 9 
.024—.027 13 22 
.028—.031 2 34 
.032—.035 2 
.036—.039 5 
.040—.043 5 
.044—.047 I 


The cells of the medullary ray were measured in cross and tangential 
sections of the wood, rather than in the macerated material. The trans- 
verse dimension (width of the ray) was determined in each case by the 
measurement of a typical cell from each of 50 rays. The results are 
shown in table 5. The mean width was 0.0115 mm in Oe. stenomeres, 
0.0205 mm in mut. gigas, the mean in each case coinciding with the width 
of greatest frequency. The increase in width of the ray of mut. gigas 
over that of the parent species is 78 percent. The radial dimension of 


TABLE 5 


Transverse dimension of ray cells (width of medullary ray). 


Number of cells 





Width in mm 


Oe. stenomeres mut. gigas 

.004—.007 4 
.0o8—.O1I 18 
.O12-—.015 20 4 
.016—.019 8 | 10 
.020—.023 27 
.024—.027 6 
.028—.031 | 3 

I 


032—.035 


the ray cells was determined by counting the number of cells in one- 
fifth of a millimeter in 50 rays of each form. The result is therefore 
more accurate than in the preceding case, but it must be borne in mind 
that the data of table 6 are not derived from the measurements of 
individual cells and therefore do not show a well defined greatest fre- 
quency. It seems from superficial examination, however, that the cells 
of each ray are much more uniform than the same number of cells from 
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various rays. The mean radial dimension is 0.027 mm in Oe. stenomeres 


(mean of 369 cells) and 0.0365 mm (mean of 272 cells) in mut. gigas, 


showing an increase of 35 percent for the mutation. 


Radial dimension of ray cells. 


mm 


.020C—.023 
.024—.027 
.028—.031 

.032—.035 
.030—.039 
.040—.043 
044—.047 
.048—.051 
.052—.055 
.050—.059 
.060—.063 
.004—.067 


The vertical di- 


TABLE 6 


Number of cells 
Oe. stenomeres mut. gigas 





72 
134 5 
129 54 
18 54 
II 53 
5 50 


2 
</ 
I2 


4 


mension of the ray cells was obtained by measuring the height of 50 


rays in tangential section, and counting the number of cells in each. 
Again, as in the case of the radial dimension, the tabulated data (table 7) 


are not based upon individual cell measurements. 


Here, however, there 


was a strikingly greater uniformity of cell height in the same ray, than 


among cells of different rays. 


The means were 0.031 mm for Oe. 


stenomeres (average of 1839 cells) and 0.048 mm for mut. gigas (aver- 


age of 825 cells), showing the increase for the latter to be 55 percent: 


TABLE 7 


Height of the ray cells in Oe. stenomeres and its mut. gigas. 





Height in mm 


.020—.023 
.024—.027 
.028—.031 
.032—.035 
.030—.039 
.040—.043 
.044—.047 
.048—.051 
.052—.055 


.056—.059 


.060—.063 


Number of cells 





Oe. stenomeres 


mut. gigas. 





go 
145 
807 
599 13 
190 64 
6 138 
179 
2 195 
177 
47 
12 
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Summarized, the mean dimensions of the ray cells are as follows: 
Dimension Oe. stenomeres mut. gigas 
caw uk oka keavad Oem 0.0115 0.0205 
i EPS aT eerre rire 0.027 0.0365 
Rs bw hig 5 hwo he 0.031 0.048 


From these data it is obvious that mut. gigas not only shows a decided 
increase in the size of the ray cells, but also an equally decided change 
in their shape. The ratios of the three dimensions are 1 : 2.35: 2.70 for 
Oe. stenomeres and 1:1.78:2.34 for mut. gigas. The volumes of the 
ray cells, calculated as rectangular prisms, are .0000096 mm? and 
.0000359 mm*, respectively, showing that the mutation to the gigas 
form involves a change of 274 percent in volume. 

In both forms the height of the 50 rays was measured both in mm and 
in number of cells. The number of measurements, although not great, 
brings out the interesting fact that in Oc. stenomercs there are rays of 
three kinds, (1) small rays, most frequently 5-14 cells high, which are 

TABLE 8 
Height of the ray in Oe. stenomeres and its mut. gigas. 





Number of rays. | Number of rays 
Oe. || Height in Oe. 

Height in mm | stenomeres | mut. gigas | No. of cells! stenomeres | mut. gigas 
0.0 —0.2 2 6 | 2—4 2 6 
0.2 —0.4 13 II 5—9 8 12 
0.4 —06 5 | 8 || IO—I4 8 7 
0.6 —o8 6 3 15 —19 4 4 
0.8 — 1.00 4 3 20 — 24 3 6 
1.00 — 1.20 7 4 || 25—20 7 10 
1.20 — 1.40 } I 6 || 30-~- 34 3 4 
1.40—1.60 | I 4 || 35—39 3 I 
1.60 — 1.80 | 2 I || 40—49 ra) 

180—200 | 3 || ~so—59 2 
2.00— 2.20 | 2 || 60—69 0 

2.20 — 2.40 | 70— 79 I 
2.40 — 2.60 . I || 80—8& 3 

2.60 — 2.80 90 — 99 I 

2.80 — 3.00 I 100 — 109 I 

3.00 — 3.20 I || 11I0— 119 I 

3.20 — 3.40 || 120—129 I 
3.40 — 3.60 | 130 — 139 2 | 
3.60 — 3.80 I 
3.80 — 4.00 I 

4.00 — 4.20 I | 

4.20 — 4.40 I 
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presumably the secondary. rays, (2) medium rays, most frequently 25-30 
cells high, which are presumably the primary rays, and (3) tall rays 
ranging up to 139 cells high, which, from the number of cells composing 
them, seem capable of being interpreted as a number of primary rays 
fused top to bottom into a multiple ray. All the tall rays observed might 
have been composed of 2, 3, 4 or 5 primary rays fused. Most of the 
tall rays were biseriate throughout small portions of their length, which, 
in view of the fact that a typical ray is uniseriate, might be interpreted 
as an argument for regarding them as multiple rays. 

Mut. gigas showed the same two classes of small and medium rays 
as Oe. stenomeres, with the same heights in cells, as far as the data are 
adequate to show. Absolutely no tall multiple rays were found, how- 
ever, although they were searched for in all the sections. Aside from 
differences in the dimensions of cells, this is the only difference between 
the woods of the two forms. The data for the ray heights are sum- 
marized in table 8. 


SUMMARY 


The change from the 2x to the 4x chromosome number in Oe. sten- 
omeres is concomitant with 

(1) An increase of 50 percent in the length of the vessels, and of 
150 percent in the area of the cross-section. 

(2) An increase of 50 percent in the length and diameter of the 
tracheids, corresponding to an increase in volume of 200 percent. 

(3) An increase in all three dimensions of the ray cells, but not a 
proportionate increase, resulting in a cell of a different shape with an 
increase of 274 percent in volume. 

(4) A breaking up of the tall multiple medullary rays into their 
constituent simple rays. 
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I. INTRODUCTORY REMARKS 

During the past several years, I have urged that a study of the rela- 
tionship between slight structural variations and the physiological char- 
acteristics of organs, or of the individuals producing them, is one of the 
most fundamental, although necessarily most difficult, lines of genetic 
research. 

From the practical standpoint—considered merely in its relation to 
the working plans of an individual investigator—this preceding attitude 
has rested upon a recognition of the fact that the factor of organic evo- 
lution most in need of quantitative investigation at the present time is 
natural selection. Now the problem of natural selection is exceedingly 
comprehensive, demanding many kinds of researches for its solution. 
Since, however, the capacity of an individual for survival must depend 
upon the fitness of its several organs for performing their respective 
functions, individually or in coordination, it is clear that any quantita- 
tive determination of the relationship between the morphological devi- 
ations from type, to which students of genetics have hitherto so largely 
confined their attention, and the functional capacities of the variates has 
its significance in the problem of natural selection. 

More fundamentally this attitude has rested upon the conviction that 
the morphological variations are but superficial manifestations of deeper- 





lying physiological—and ultimately chemical and physical—changes. 

It is inconceivable that biologists will be willing to leave the problem 
of morphological variation without a sustained effort to locate the proxi- 
mate causes in physiological, and even in chemical and _ physical, 
differentiation. 

The most of the data from our work along these lines is as yet un- 


published, but some phases have been treated either fully or in a pre- 
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liminary way. For example, it has been shown( Harris, 1910 a, b, 1911 a) 
that in Staphylea the capacity of the ovary for development is to some 
extent correlated with the number of locules and with the number and 
arrangement of the ovules. In unjlocular fruits, reduced fertility has 
been shown to be associated with bilateral asymmetry in Phaseolus vul- 
garis (HaARRIs 1912). There is also some, though not as yet fully con- 
vincing, evidence that seed weight is also influenced by bilateral asym- 
metry (HarRRIs 1912 b). 

In Cercis (Harris 1914 a, b) and Phaseolus (Harris 1913) capacity 
for seed production as measured on the mature pods, has been shown 
to be correlated with the absolute number of ovules laid down. The 
full interpretation of these results is rendered difficult because of the 
fact that there may be in such unilocular ovaries a differential mortality: 
such as has already been demonstrated in Staphylea, but which has sco 
far not been shown to occur (HARRIS 1909), though it is not improbable 
that this will sometime be done. 

Finally, the death rate of transplanted seedlings has been shown 
(Harris 1912 c) to be higher in morphologically aberrant than in normal 
beans. These latter results have been confirmed by extensive subsequent 
data, as yet unpublished. At present the problem of the significance of 
various types of structural variation in the capacity for survival of the 
individual is under investigation. 

The purpose of the present paper is to present the results of one at- 
tempt to determine something of the more fundamental physiological 
characteristics to which incapacity for survival may be due. In the 
seed, the primordial leaves of the bean are minute structures. If innate 
physiological conditions of a kind which may affect growth be associated 
with morphological variations, one might expect some influence of these 
factors to be recorded in the size or other characteristics which result 
from the relatively enormous expansion which these organs undergo in 
the course of germination and the establishment of the young seedling. 
This study was undertaken to determine whether the influence of such 
factors is discernible. 


METHODS 


The investigation of such a problem is simple enough in principle, but 
exceedingly exacting and laborious in detail. The present study has 
been planned for several years, but it was only recently that all of the 
necessary conditions could be secured at the same time. 

The essentials are: (a) A large quantity of seed of a strain known 
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to produce variations of suitable character. (b) Greenhouse space suffi- 
ciently extensive and varied in conditions to permit the germination and 
subsequent culture of a number of seedlings adequately large to yield the 
required number of aberrant individuals in a period of time sufficiently 
short to give large samples of primordial leaves fairly homogeneous 
with respect to age. (c) Observational assistants to attend to the classi- 
fication of the seedlings. While the present paper includes the results of 
26 sets of determinations only, the assembling of the materials required 
the germination and sorting of about 100,000 seedlings. 

The experimental technique adopted was exceedingly simple. Seeds 
of a strain of navy beans (designated by formulae involving H in 
published papers) which has been under observation for some years 
at the STATION FOR EXPERIMENTAL EVOLUTION, were germinated in sand 
in warm houses. Given types of variations which experience had shown to 
occur with the greatest frequency, were saved from the seed pans for 
potting in soil. These were placed in three inch pots, each with a normal 
individual drawn at random from the same sibship to serve as a control. 
After these had stodd for some time in a cooler house to become estab- 
lished and to allow the more complete development of the laminae, 
samples of the leaves (exclusive of the petioles) were gathered. The 
age of the plants at the time of the gathering of the samples necessarily 
varied somewhat, both within the individual collections and from col- 
lection to collection. Practically no plants were taken before the cotyle- 
dons fell; most of them showed some growth of the terminal bud beyond 
the primordial leaves; some had one or in some cases two of the com- 
pound leaves well developed; none were taken in which the primordial 
leaves were distinctly yellow or dried because of age. All pairs of plants 
in which one of the individuals had apparently been injured by external 
causes were discarded. Plants, normal or abnormal, in which the leaves 
were dwarfed or crumpled without any evidence of external injury were 
included. 

The laminae were gathered as rapidly as possible into weighed test 
tubes, which were again weighed and plunged into an ice and salt mix- 
ture for freezing. The gathering of the two types of plants was so 
carried out that there can be no source of differentiation in the collecting. 

Thus, although weight and other characteristics vary from sample to 
sample because of age and the innumerable slight influences of signifi- 
cance in growth, the aberrant plants and their controls had from the very 
beginning as nearly as possible identical environment. However much 
the pairs combined in the same sample may differ among themselves, 
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there seems no possibility of considering that the differentiation here 
shown to exist between the morphologically typical and the morphologi- 
cally aberrant individuals is due to any extrinsic cause. 

In the absence of any knowledge of the amount of variation in the 
characteristics of the leaves to be investigated, it was impossible to com- 
pute in advance the size of the sample which should be taken. Accord- 
ingly 100 plants of both normals and controls was arbitrarily chosen as 
the size of the sample. This proved most satisfactory for technical 
reasons, since it supplied an amount of sap sufficient for two determina- 
tions of freezing-point and electrical conductivity. It was about as large 
as could be obtained without making the sample too heterogeneous with 
respect to age. 


PRESENTATION OF DATA 


Consider first the mean weight of the primordial leaves in normal and 
aberrant plants. 

The data for all types are given in table 1. Here the mean weight 
per plant of leaf tissue and the difference in mean weight (abnormal 
mean less control mean) together with the weight index are given for 
each of the 26 samples. Weight index is merely the ratio of the mean 
weight of variants to the mean weight of their control plants. 

Each of these samples includes, with exceptions to be noted below, 
variants of a particular type. Thus samples of class A! include what is 
probably the simplest variation in the bean seedling. Here there is merely 
a slight separation of the cotyledons. The amount of this separation is 
difficult to express quantitatively since it is to so large a degree depend- 
ent upon the absolute size of the plant. “Slightly but distinctly sepa- 
rated,” has been the term which we have always used to designate this 
class. The cotyledons range in position from those which are just 
perceptibly not inserted on the same level to those which are perhaps 
two or three millimeters apart. So slight is the vaviation that in the 
classification of the seedlings, frequent discussions arose concerning the 
normality or abnormality of individual plants. 

Notwithstanding the smallness of the morphological variation it is 
unquestionably correlated with physiological capacities. In each of the 
g determinations the mean weight of the plants with slightly separated 
cotyledons is lower than that of those in which they are on sensibly the 

*The samples are labelled serially a to z. Except as a means of identifying indi- 


vidual samples in comparisons between different tables the reader need concern him- 
self with only the classes, which are designated by capital letters. 
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TABLE I 
Mean Weight | Mean Weight Weight a‘ 
Sample per Plant per Plant Difference Yeidiow: 
for Abnormal for Normal 

Aa 415 520 — .105 Z 
Ab 469 552 — .083 850 
Ac 415 .497 — .o82 835 
Ah .401 473 — 072 848 
Ak 447 575 —.128 777 
An .363 .456 — .093 7 
As 382 .483 — .101 791 
At 333 435 — .102 7 
Ax 311 392 — .o81 .793 
Bw .468 505 — .127 787 
Cd 377 483 — .106 781 
Cl 423 547 — .124 773 
De 579 631 — .052 .g18 
Df 507 640 — .043 .933 
Dg 455 541 — .086 S41 
Di 539 582 — .043 926 
Dm .470 529 — .059 888 
Do 434 510 — .076 851 
Dp 458 495 — 037 925 
Dq 465 SI7 — .052 809 
Du 506 .530 — .024 955 
Dv 401 446 — .045 809 
Ej 391 .503 — 112 777 
Er .382 .536 —.154 713 
Xy 364 424 — .060 858 
Xz .304 .428 — .124 





same level. The weight index ranges from .766 to .850 with an average 
value of .806. 

Cotyledon position in dicotyledonous bean seedlings is a character 
showing wide quantitative variations. Insertions may range from the 
same level to very widely separated, say two or three centimeters, de- 
pending upon the degree of elongation of the axis. Plants with the 
higher degrees of separation are correspondingly rare. In only one 
case, Bw, was I able to secure 100 plants of suitable age in which the 
cotyledons were more widely separated than in the class A plants just 
described. Again the abnormal plants show a lower average laminar 
development than the normal controls. The weight index is .787. Only 
two of the 9 indices of the class A plants just described are as low as 
this, and their mean value is .806. It is not, however, possible to assert 
on the basis of this single determination that the weight index is signifi- 
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cantly lower than in the plants with the same kind but smaller degree of 
abnormality, discussed above (class 4 ). 

A class of structural variation which perhaps represents a greater 
deviation from the normal condition tfian the preceding is that in which 
the number of cotyledons is three. These may be arranged in a whorl 
or somewhat separated in insertion. It has not been possible to classify 
more minutely with respect of position when the cotyledons are three in- 
stead of two in number. In such seedlings the primordial leaves may be 
either normal or abnormal. In two samples, class C, it was possible to 
secure plants which were abnormal in cotyledon number (tricotyle- 
donous) but quite normal in number and insertion of the primordial 
leaves. The results may be compared with those based upon plants 
which deviate from normality by the separation of their two cotyledons 
only and with those based upon plants with three cotyledons and three 
primordial leaves in a regular whorl, class D. 

Both of these weighings show a slighter development of primordial 
tissue in the abnormal plants. The indices are both lower than the aver- 
age of class 4 plants, and but 2 of the 9 samples of that class show 
relative weights as low as these two. Apparently, therefore, the plants 
with three cotyledons and two primordial leaves are less capable of de- 
veloping these leaves than are those with the normal number but with 
slight separation of the cotyledons. Larger series of determinations 
would, however, be necessary fully to establish this point. 

Turn now to a consideration of the plantlets which have three cotyle- 
dons, as in the class just discussed, but a whorl of three normally- 
formed primordial leaves instead of two. There are ten such determi- 
nations. Jn every individual sample the weight of the three leaves of 
the trimerous plant is on the average lower than that of the two of the 
normal dimerous plant. The weight index varies from .841 to .955 with 
an average value of .go4. Had the results of the weighing of these 
5000 leaves shown that when in variation three primordial leaves occur 
instead of the normal two the mean weight of an individual leaf is lower 
than that of an individual leaf of a normal plant, there would have been 
no valid cause for surprise. What the determinations actually show is 
that, notwithstanding the fact that the number of leaves has increased 
fifty percent, their total weight has decreased ten percent. 

The increase in leaf number is, however, not without significance. 
Without exception the ten indices are higher than either of the two based 
upon plants which have three cotyledons but a normal pair of leaves. 


Of the ten determinations recorded in this class there is only a single 
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one which falls below the maximum value of the g based on plants of 
class .4. The average index is about ten percent higher, i.e., .go4 as 
compared with .806. 

If the weight indices be calculated on the basis of the mean weight of 
individual leaves instead of upon the basis of the mean weight of leaf 
tissue per plant, the results are quite different. Thus :— 





Class A plants Class D plants 

Sample Index Sample Index 
Aa 798 De 612 
Ab 850 Df .622 
Ac 835 Dg .500 
Ah 848 Di 617 
Ak 7797 Dm 592 
An -796 Do 507 
As 791 Dp 617 
At 766 Dq .600 
Ax .793 Du .636 
Dv .600 

Means 806 602 


Finally, it was possible to secure two fairly satisfactory samples of 
plants with axes slightly broadened or much fasciated, class E. Such 
individuals were either normal or abnormal in number and arrangement 
of cotyledons and primordial leaves. Generally the cotyledons were 
more than two. This was almost invariably the case with the primordial 
leaves which varied in number, position, size, fusion and so on. In many 
instances these fasciated plants appear to the eye more vigorous than 
the normal individuals of the same pedigree. I would not therefore 
have been surprised to find them producing greater weight of leaf sub- 
stance than the normal plants. The weight indices show that notwith- 
standing the larger number of leaves which they produce, they develop 
about 25 percent less leaf tissue than the normal controls. 

The remaining collections, class Y, are mixtures of abnormal plants 
made in cases in which materials were insufficient for determinations to 
be based upon a single type only. They furnish their contribution to 
the problem of the relationship between morphological deviation and 
physiological capacity, but cannot be used in a comparison between dif- 
ferent morphological types. 

Taking the materials as a whole it is clear that in the 26 samples 
(each of 100 abnormals and their controls) the mean weight of leaf 
tissue developed in the case of the morphologically abnormal plants is 
in every instance lower than that of the normal controls. The weight 
index, which represents merely another and in some respects a better 
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method of expressing the same relationship, is in every case less than 
unity. The mean value for the 26 series is .834. 

Turn now to a consideration of a series of approximate determina- 
tions of the freezing-point lowering and electrical conductivity of the 
sap of these leaves. 

After weighing, the tubes of leaf tissue were plunged into an ice and 
salt mixture as a preliminary to the extraction of sap (GORTNER and 
Harris 1914). Freezing-point lowering was determined by the well- 
known BECKMANN method. The depressions, deltas, have been cor- 
rected for supercooling. 

The depression of the freezing-point, 4, of the several samples are 
given in table 2. These serve as a measure of the concentration in 


TABLE 2 
- Delta for Delta for PI: Delta 
Sample \bnormal Normal Difference adios 
Plants Plants 

Aa 577 597 — .020 .966 
Ab O14 636 — .022 965 
Ac 664 653 + O11 1.017 
Al 537 Res! + O13 1.025 
Ak 610 539 — 023 964 
In 597 658 — 061 907 
As 653 682 — .029 957 
At 651 072 — O21 .QO9 
Ax 601 626 — 025 .g5O 
Bur 593 -592 — .000 1.000 
Cd 040 .049 — 003 95 
Cl 607 .020 — O13 .979 
De 618 623 — .005 W2 
Df 61) 503 + o18 1.030 
Da 625 O10 — O15 1.025 
Di 605 508 + .007 1.012 
Dm 618 10 —+~ 002 1.003 
Do 681 53 t 028 1.043 
Dp 569 .600 — O31 .948 
Da 559 565 — .006 .989 
Du 634 604 +- .030 1.050 
Dv 702 681 1 O21 1.031 
Ej} 552 587 — .035 .940 
Er 355 .586 — 031 947 
Xy 561 339 + .022 1.041 
Xz 565 592 - 027 954 


*I am unable to give the experimental error of the determinations but it is relatively 
large. The instruments and methods necessarily used were not the most refined. 
Much of the work was carried out during a period when I was unable to observe all 


the precautions I would have liked. For the most part the constants given are aver- 
ages of two independent determinations. 
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molecules and ions of both electrolytes and non-electrolytes in the sap 
of the leaf tissue. The third decimal place is certainly not significant 
but is given for convenience in determining the difference between the 
samples and their controls. 

The depression for both teratological and normal plants shows con- 
siderable variation from sample to sample, just as mean leaf weight 
does. This is to be expected because of differences in age and because 
of the numerous uncontrollable growth factors. The differences be- 
tween the constants for the morphologically abnormal and the morpho- 
logically normal plants are slight. They are sometimes positive and 
sometimes negative in sign. 

Only classes A and D need be considered in detail. For class dA there 
are 2 samples in which the abnormal plants show a higher concentration 
of solutes as compared with 7 in which they show a lower concentration 
than their controls. The average of the 2 positive differences is +.012, 
of the 7 negative differences —.029, and of all 9 differences —.o20. 
Or, in terms of indices, the two cases in which concentration is higher in 
the abnormal plants give an average of 1.021, as compared with 0.955 in 
the remaining 7 and 0.970 for the 9 determinations. 

For class D plants the condition is just reversed. There are 7 de- 
terminations in which the abnormal plants show a higher concentration 
to 3 in which they show a lower concentration than the controls. The 
averaged results are: 





Number of Mean Mean 

Cases Difference Index 

re een eerie eer 7 +.017 -.028 
I, SI oie ciwd vcs eese¥euaneewe 3 —.OI4 0.97 
ME EN ERNE os cas os Agiobin kis hin soos ons sess 10 +.008 1.012 


For the materials as a whole the average differences are +0.015 for 
the 11 positive values, —o.023 for the 15 negative values and —0.007 
for all 26-differences. 

For electrical conductivity expressed in reciprocal ohms, as a measure 
of the concentration of dissociated electrolytes, very similar conditions 
prevail. The values differ considerably from collection to collection. 
Between the abnormal and the normal plants of a sample the differences 
in conductivity are sometimes positive and sometimes negative in sign.* 


* Conductivities are recorded to five places to facilitate obtaining the signs of the 
differences in all cases, not because the final or even the fourth place is regarded as 
certainly trustworthy in every instance. 
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Sample 


Aa 
Ab 
Ac 
Ah 
Ak 
An 
As 
At 
Ax 
Bw 
Cd 
Cl 
De 
Df 
Dg 
Di 
Dm 
Do 
Dp 
Dq 
Du 
Dv 
Ej 
Er 
Xy 
Xz 


For the larger groups the values, summarized from table 
z dD 
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TABLE 3 





Conductivity Conductivity : a 
for Abnormal for Normal Difference . onductivity 
Plants Plants Index 
OI415 01444 — .00029 | .980 
.O1455 .O1500 — .00050 .907 
01500 01547 +- .00013 1.009 
01314 .01308 + .00005 1.004 
01390 1415 — .00025 .g82 
1415 .01464 — .00049 .966 
01343 .01373 00030 .978 
01280 01338 — .00058 .957 
01222 1213 -+- .00010 1.008 
01293 01291 + .00003 1.002 
O1513 .01549 — .000360 .977 
.01 332 01348 — .00016 O88 
01488 .01503 — .0OO15 .990 
01450 01464 — .00015 .990 
01455 01473 — .ooo18 988 
1418 .01429 — .OOOIT -992 
.O1401 .O1409 — .00008 .994 
014907 .O1479 +. .00018 } 1.012 
01395 01395 — .00000 | 1.000 
01301 01322 — .0002I 984 
01359 .01309 + .00051 1.039 
01392 01354 + .00039 | 1.028 
01330 .01330 -L .00000 1.000 
01303 01205 00008 1.006 
.01237 .OI201 + .00037 1.030 
.01200 01213 _—- .039 


00047 I 


Number of Mean 
Cases Difference 
For class A plants 
CERIO TE. nce acs 0a bce vaceevean se dyes 3 -+-.00009 
Concentration lower .........ccrccsceccesccsecess 6 —.00040 
ATE SIGHS noc ciccecntedeccccneciecersresecticoncese 9 —.00024 
For class D plants 
Concentration RigRG? ......ccscdicvcccesccccceseces 3 +-.00036 
Concentration TOWET .... 2.6 cccicvvcdccccecessssces 7 —,00013 
AM PlAMtS 6.6. ccccce teas cccergersassioscesesess ie ae -+-.00002 
For all abnormals 
Concentration higher .........--eseeeceeneseeeees II +.00021 
Concentration 1GWEF 2... .cqcccccccscccccccccesces 15 —.00025 
All DIONE oni cide dines esc svic es siedsownsewavsiicsiass 26 —.00006 


3, are: 


Mean 
Index 


1.007 
0.972 


0.983 


1.026 
0.991 


1.002 


1.016 


0.892 


0.997 
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These differences, like those for the depression of the freezing-point, 
4, are so slight that no final significance is to be attached to them. All 
that tables 2 and 3 demonstrate is that if there are differences in the 
concentration of the solutes of the cell sap of the leaves of teratological 
and normal plants they are of a very slight order indeed. Nevertheless 
it must be noted that for both constants of sap properties somewhat 
more than half of the determinations show a lower concentration of 
solutes in the juices of the tissues of the abnormal leaves, and that for 
the materials as a whole the average concentration is lower in the ab- 
normal plants. 


CONCLUDING REMARKS 

In the preceding section it has been shown that the weight of primor- 
dial-leaf tissue developed by morphologically aberrant seedlings of Phase- 
olus vulgaris is on the average less than that produced by normal con- 
trols grown under conditions as nearly as possible comparable. 

So far as determined, a reduction in the volume of primordial leaf 
tissue occurs irrespective of the kind of abnormality. The type of ab- 
normality does, however, determine within wide limits the degree of 
reduction in the amount of leaf tissue. 

A first attempt has been made to ascertain by means of the conductivity 
and freezing-point methods, whether there are differences in the concen- 
tration in molecules and ions in the cell sap of the leaves of teratological 
and normal plants. The evidences suggest that there may be a lower 
concentration of both electrolytes and total solutes in the tissue fluids 
of the teratological plants. If, on more extensive investigation this 
should prove to be true, it would be quite in agreement with the results 
for leaf weight, indicating that the morphologically aberrant individuals 
have a smaller capacity for absorbing electrolytes or for synthesizing 
electrolytes and non-electrolytes. The differences are, however, so slight 
and so variable that further and more refined determinations will be 
necessary to demonstrate the existence of any relationship. So far as 
data are on the table, they demonstrate merely that no clear difference 
exists in the properties of the sap of the leaf tissue of the two types of 
leaves. 
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